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SUMM\RY
T h is  t h e s i s  p r e s e n t s  c l i n i c a l  end e x p e r i m e n t a l  s t u d i e s  
r e l a t i n g  t o  t h e  e f f e c t  o f  c i g a r e t t e  smoking on l i p o l y s i s  in  
s u b j e c t s  w i t h  v a r i o u s  t y p e s  o f  v a s c u l a r  d i s e a s e .
The i n t r o d u c t i o n  r e v i e w s  t h e  e v i d e n c e  o f  t h e  harmful  
e f f e c t s  o f  c i g a r e t t e  smoking and f o r  i t s  p o s s i b l e  c o n t r i b u t i o n  
t o  v a s c u l a r  d i s e a s e  through  i t s  a c t i o n  on l i p i d  m e ta b o l i s m  
v i a  t h e  s y m p a t h e t i c  a d r e n o - m e d u l l a r y  s y s t e m s .
The aims o f  t h e  s t u d y  a re  then  o u t l i n e d  w i th  r e s p e c t  
t o  t h e  e f f e c t  o f  smoking v a r y i n g  numbers o f  c i g a r e t t e s  on l e v e l s  
o f  f r e e  f a t t y  a c i d s  ( F F \ ) ,  k e t o n e  b o d i e s  ( a c e t o - a c e t a t e  and 
C h y d r o x y b u t y r a t e ) , g l u c o s e ,  i n s u l i n ,  c h o l e s t e r o l  and t r i g l y c e r i d e  
in  s u b j e c t s  w i th  e i t h e r  s t a b l e  co r o n a r y  h e a r t  d i s e a s e  (CHD) as  
m a n i f e s t  by ang ina  or w i t h  p e r i p h e r a l  v a s c u l a r  d i s e a s e  (PVD),
The s ta n d a rd  s i t u a t i o n  s t u d i e d  was s e r i a l  venous  sa m p l in g  
under c o n t r o l l e d  c o n d i t i o n s  b e f o r e  and a f t e r  t h e  smoking o f  two 
normal  n i c o t i n e  c o n t e n t  c i g a r e t t e s .  I n i t i a l  i n v e s t i g a t i o n s  i n d i c a t e d  
t h a t  a s a t i s f a c t o r y  s t e a d y  s t a t e  was a c h i e v e d  p r i o r  t o  smok ing .
B a s a l  FFA v a l u e s  o f  t h e  r e c e n t  i n f a r c t i o n  group were  
c o n s i s t e n t l y  h i g h e r  than t h o s e  found in  o t h e r  s u b j e c t s  and s u g g e s t e d  
a p o s s i b l e  r e s id u a l ,  " s t r e s s "  s i t u a t i o n .  F o l l o w i n g  c i g a r e t t e  
smoking t h e  i n c r e m e n t s  in  FFA v a l u e s  were s i g n i f i c a n t l y  h i g h e r  
in  t h e  r e c e n t  i n f a r c t i o n  s u b j e c t s .  Changes  in  FFA were p a r a l l e l e d  
by i n c r e a s e d  k e t o n e  body l e v e l s .  The f i n d i n g s  i n d i c a t e d  t h a t  t h e
( 1 5 )
i n c r e a s e d  r e s p o n s e  t o  c i g a r e t t e  smoking was a f e a t u r e  o f  
r e c e n t  m y o c a r d ia l  i n f a r c t i o n  r a t h e r  than o c c u r r i n g  in  a l l  t y p e s  
o f  c l i n i c a l  v a s c u l a r  d i s e a s e .  In no group was t h e r e  any e v i d e n c e  
t o  support  t h e  s u g g e s t i o n  made by o t h e r s  t h a t  c i g a r e t t e  smoking  
might a f f e c t  i n s u l i n ,  c h o l e s t e r o l  or  t r i g l y c e r i d e  l e v e l s .
T hese  v a r i a b l e s  remained u n a l t e r e d .  The s u b c u t a n e o u s  i n j e c t i o n  o f
0 . 0 1  u l  o f  1 : 1 0 , 0 0 0  a d r e n a l i n e  per  kg b o dyw eight  c o r r e s p o n d e d  to  
t h e  e f f e c t  o f  c i g a r e t t e  sm oking .  I n c r e a s e d  l e v e l s  o f  FFA 
o c c u r red  in  t h e  p o s t - i n f a r c t i o n  group a g a in  perhaps i n d i c a t i n g  
an i n c r e a s e d  r e s p o n s e  t o  s y m p a t h e t i c  or ad re n o m e d u l la ry  a c t i v i t y .
The e f f e c t  o f  c i g a r e t t e  smoking was a l s o  examined in s u b j e c t s  
c l a s s i f i e d  a c c o r d i n g  t o  t h e i r  l i p o p r o t e i n  s t a t u s  (normal l i p i d s ,
Type IT or  Type IV h y p e r l i p o p r o t e i n a e m i a ) ,  O v e r a l l  p e r c e n t a g e  
c h a n g es  in FFA and k e t o n e  b o d i e s  were com parable  in  each group  
a l th o u g h  t h e  a b s o l u t e  ch anges  in  FFA were g r e a t e r  in  Type IV 
subj e c t s .
S i m i l a r  s t u d i e s  were done in s u b j e c t s  one y e a r  a f t e r  
m y o c a r d ia l  i n f a r c t i o n .  The FFA and k e t o n e  body i n c r e a s e s  t h a t  
d e v e l o p e d  were s i m i l a r  t o  t h o s e  o f  c o n t r o l  s u b j e c t s  and c o n s i d e r a b l y  
l e s s  than  t h o s e  found 3 weeks  a f t e r  i n f a r c t i o n .  T h i s  s u g g e s t e d  
t h a t  t h e  enhanced r e s p o n s e  t o  c i g a r e t t e  smoking i s  a temporary  
r a t h e r  than a p e r s i s t e n t  f i n d i n g .  In a d d i t i o n ,  i t  was found  
t h a t  t h e  i n c r e a s e d  FFA l e v e l s  f o l l o w i n g  smoking c o u l d  be  
a b o l i s h e d  by t h e  p r i o r  a d m i n i s t r a t i o n  o f  t h e  b e t a - o d r e n o r e c e p t o r  
b l o c k i n g  a g en t  p r o p r a n o l o l .  T h i s  e f f e c t  c o u l d  have im p o r ta n t
0 6 ' )
c l i n i c a l  i m p l i c a t i o n s  f o r  t h e  l o n g - t e r m  management o f  p a t i e n t s  
w i t h  CHD.
S t u d i e s  were a l s o  und er ta ken  on t h e  e f f e c t  o f  smoking 6 
normal  c i g a r e t t e s  o v e r  3 h o u r s .  The r e s p o n s e  in  terms o f  
FFA and k e t o n e  body i n c r e a s e s  (40?.; and 100?' r e s p e c t i v e l y )  
was s i m i l a r  in  c o n t r o l  s u b j e c t s  and t h o s e  w i th  angina or  PVD.
There was no e v i d e n c e  o f  an enhanced r e s p o n s e  among t h o s e  
s u b j e c t s  w i t h  v a s c u l a r  d i s e a s e .  There w as ,  however,  c o n s i d e r a b l e  
v a r i a t i o n  among s u b j e c t s  in  terms o f  b lo o d  g l u c o s e  l e v e l s  b e f o r e  
and a f t e r  smoking .  The ch an ges  in g l u c o s e  c o u ld  n o t ,  how ever,  be 
c o r r e l a t e d  w i th  e i t h e r  ch a n g es  in FFA or i n s u l i n  l e v e l s .
Measurement o f  i n d i v i d u a l  f a t t y  a c i d  l e v e l s  b e f o r e  and 
a f t e r  smoking were done u s i n g  t h e  c o m b in a t io n  o f  t h i n  l a y e r  and 
g a s - l i q u i d  ch rom ato graphy .  There appeared  t o  be a g e n e r a l  
i n c r e a s e  in  FFA l e v e l s  a f t e r  smoking r a t h e r  than a ch ange in  o n l y  
c e r t a i n  i n d i v i d u a l  f a t t y  a c i d s .  Nor d id  t h e r e  appear t o  be any 
a l t e r a t i o n  in t h e  f a t t y  a c i d  component o f  t h e  t r i g l y c e r i d e  m o i e t y .
A s e r i e s  o f  i n v e s t i g a t i o n s  were done on g l y c e r o l  k i n e t i c s  
in  c o n t r o l  s u b j e c t s  and t h o s e  w i th  v a s c u l a r  d i s e a s e .  The r a t e  o f  
removal  o f  i n t r a v e n o u s l y  i n j e c t e d  g l y c e r o l  ( 5 0  ml o f  10% g l y c e r o l )  
c o u l d  be e x p r e s s e d  as a s i n g l e  e x p o n e n t i a l  w i th  T% v a l u e s  b e i n g  
s i m i l a r  in  a l l  groups  s t u d i e d .  In a d d i t i o n ,  i t  was found t h a t  
c i g a r e t t e  smoking f o l l o w i n g  t h e  a d m i n i s t r a t i o n  o f  g l y c e r o l  d id  not  
prod uc e any a l t e r a t i o n  in t h e  r a t e  o f  removal  from t h e  b l o o d s t r e a m .
(17 )
An u n e x p e c te d  f i n d i n g  f o l l o w i n g  g l y c e r o l  i n f u s i o n  was  
an ap paren t  r i s e  in  FFA l e v e l s ,  when measured by t h e  D o le  method.  
D e t a i l e d  i n v e s t i g a t i o n  by c o l o r i m e t r i c  and g a s - l i q u i d  
ch ro m a to g ra p h ic  methods i n d i c a t e d  t h a t  in  f a c t  g l y c e r o l  i n f u s i o n  
r e s u l t e d  in  a marked d e c r e a s e  in  plasma FF1. I t  seems l i k e l y  
t h a t  i n f u s i o n  o f  g l y c e r o l  r e s u l t s  in t h e  a cc u m u la t io n  in t h e  
plasma o f  an a c i d i c  compound -  as  y e t  unknown -  which i s  t i t r a t e d  
by t h e  Do le  method as  FFA.
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CHAPTER ONE -  INTRODUCTION AND GENERAL REVIEW
The p l a n t ,  N i c o t i n i a  Tabacum, i s  t h e  c h i e f  s o u r c e  
o f  smoking t o b a c c o .  O r i g i n a t i n g  i n  America,  i t  was i n t r o d u c e d  
t o  Europe in  1560 by Jean N i c o t ,  t h e  French Ambassador t o  P o r t u g a l .  
He b e l i e v e d  i t  had m e d i c i n a l  q u a l i t i e s ,  t e l l i n g  C a t h e r i n e  de Medici  
t h a t  "through t h e  g e n e r a l  use  o f  t o b a c c o  Her M a j e s t y ’ s s u b j e c t s  
would become e a s y  t o  g o v e r n " .  James I and VI,  h e ld  d i f f e r e n t  
v i e w s ,  s t a t i n g  in  1603 t h a t  "smoking i s  a h a b i t  d i s g u s t i n g  t o  
t h e  e y e s ,  o d io u s  t o  t h e  n o s e  and harmful  t o  t h e  l u n g s " .  I t  i s
d i f f i c u l t  t o  be c e r t a i n  when p h y s i c i a n s  began t o  s u s p e c t  t o b a c c o
38
as  a c a u s e  o f  d i s e a s e  but a c c o r d i n g  t o  G e l i n e a u  ( 1 8 8 7 ) ,  Beau in  
1862 was t h e  f i r s t  t o  show c o n v i n c i n g l y  t h a t  t o b a c c o  smoking and 
an g in a  p e c t o r i s  c o u l d ,  under c e r t a i n  c o n d i t i o n s ,  be a s s o c i a t e d .
L i t t l e  was s u b s e q u e n t l y  l e a r n e d  o f  th e  p o s s i b l e  untoward
89
e f f e c t s  o f  smoking u n t i l  t h e  20 th  C e n t u r y .  In 1939,  M u l ler  
compared t h e  smoking h a b i t s  o f  86 p a t i e n t s  w i th  lung  c a n c e r  w i th  
t h o s e  o f  an eq u a l  number o f  h e a l t h y  men o f  s i m i l a r  a g e .  A much 
g r e a t e r  to b a c c o  consum pti on  was found among t h e  p a t i e n t s  w i th  
c a n c e r .  S i n c e  th en  c o n s i d e r a b l e  e v i d e n c e  has  acc rued  t o  l i n k  
c i g a r e t t e  smoking not  o n l y  w i th  r e s p i r a t o r y  d i s e a s e ,  but  a l s o  w i th  
co r o n a r y  h e a r t  d i s e a s e  (CHD). Changes  in  smoking h a b i t s  may be 
r e l e v a n t .  B e f o r e  19 14,  t o b a c c o  con su m p ti on  was m a in ly  in  t h e  form 
o f  p ip es m o k in g ,  c i g a r s  or  ch ew ing t o b a c c o .  The F i r s t  World War 
p o p u l a r i s e d  t h e  more c o n v e n i e n t  c i g a r e t t e .  From 1920 t o  1960  t h e  
annual  consumptio n  o f  man ufa cture d  c i g a r e t t e s  in  t h e  U n i t e d  S t a t e s  
r o s e  from 750 t o  3 , 9 0 0  per  a d u l t .  An a d d i t i o n a l  f a c t o r  may a l s o
( 2 0 )
he t h a t  03 per  c e n t  o f  male c i g a r e t t e  smokers i n h a l e  compared 
w i t h  47 per  c e n t  o f  p ip esm okers  and 29 per  c e n t  o f  c i g a r  
s m o k e r s ,
The e v i d e n c e  l i n k i n g  c i g a r e t t e  smoking t o  CHD i s  
bas ed  on e p i d e m i o l o g i c a l ,  p a t h o l o g i c a l ,  c l i n i c a l  and e x p e r i m e n t a l
98
s t u d i e s .  In an e a r l y  s tu d y  o f  smoking and l o n g e v i t y ,  P e a r l  ( 1 9 3 9 )  
r e p o r t e d  da ta  from t h e  Fami ly  H i s t o r y  Record s  o f  Johns Hopkins  
H o s p i t a l .  There were 2 , 0 9 4  w h i t e  male  n o n - s m o k e rs ,  2 , 8 1 4  moderate  
smokers and 1 , 9 0 8  heavy smoker s .  Tobacco smoking was s t a t i s t i c a l l y  
a s s o c i a t e d  w i th  impairment  o f  l i f e  d u r a t i o n  and t h e  d e g r e e  o f  
impairment  i n c r e a s e d  d i r e c t l y  w i t h  t h e  amount o f  smoking .  The 
d i f f e r e n c e s  d i s a p p e a r e d  about  70 y e a r s  o f  a g e ,  and t h i s  P e a r l  
a t t r i b u t e d  t o  a r e s i d u a l  e f f e c t  o f  t h e  i n c r e a s e d  m o r t a l i t y  o f  
e a r l i e r  y e a r s  in  t h e  groups a f f e c t e d  by t h e  a g e n t .
Hammond ( 1 9 6 2 ) ^  under took  a p r o s p e c t i v e  s tu d y  o f  t h e  e f f e c t s
o f  c i g a r e t t e  smoking .  He e n r o l l e d  1 8 1 , 7 8 3  men between t h e  ages
o f  50 and 69 and f o l l o w e d  them f o r  44 months .  During  t h e  t i m e  o f
s tu d y  t h e r e  were 7 , 3 1 6  d e a t h s  among h a b i t u a l  c i g a r e t t e  smoker s ,
Only 4 ,6 5 1  o f  t h e s e  d e a t h s  would have been e x p e c t e d  i f  t h e i r
d ea th  r a t e s  had matched t h o s e  o f  n o n - s m o k e r s .  CHD a c c o u n t e d  f o r
5 2 . 1  per  c e n t  o f  t h e  e x c e s s  d e a t h s  and ca rc inoma o f  lung f o r
1 3 . 5  per  c e n t .  The CHD dea th  r a t e  was 7 7 . 0  per  c e n t  h i g h e r  among
smokers and i n c r e a s e d  p r o g r e s s i v e l y  w i t h  t h e  number o f  c i g a r e t t e s
46smoked. In a f u r t h e r  i n v e s t i g a t i o n  Hammond ( 1 9 6 9 )  s t u d i e d  
4 4 7 , 1 8 6  men born between  1868 and 1927 and s t i l l  a l i v e  on 
J u l y  1 s t ,  1 ° 6 0 .  During a f i v e  y e a r  p e r i o d  3 9 , 1 7 8  d i e d .  The
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e s t i m a t e d  mean l e n g t h  o f  l i f e  re m a in in g  at  age  35 was
4 2 . 4  y e a r s  f o r  men who n ev er  smoked r e g u l a r l y ,  3 7 . 8  y e a r s  f o r
t h o s e  smoking 1 - 9  c i g a r e t t e s  d a i l y ,  3 7 . 1  y e a r s  f o r  t h o s e  smoking
1 0 - 1 9  c i g a r e t t e s  d a i l y  and f e l l  t o  3 4 . 7  y e a r s  f o r  t h o s e  smoking
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more than  40 c i g a r e t t e s  d a i l y .  Hammond ( 1 9 6 8 )  a l s o  s u g g e s t e d
t h a t  i t  i s  p o s s i b l e  t h a t  t h e  d e a th  r a t e  o f  l i g h t  smokers i s
a p p a r e n t l y  i n c r e a s e d  and t h a t  o f  heavy smokers a p p a r e n t l y  lower
b e c a u s e  o f  f a c t o r s  such as i l l  h e a l t h  which t e nd  t o  r e d u c e  t h e
number o f  c i g a r e t t e s  smoked.
P r o s p e c t i v e  c l i n i c a l  s t u d i e s  i n v o l v i n g  l a r g e  p o p u l a t i o n s
examined at  i n t e r v a l s  have been under ta ken  in  s e v e r a l  c e n t r e s
such as  Framingham and Albany in  t h e  U n i ted  S t a t e s .  D o y l e ,
9 7
Dawber, Kannel ,  Kinch and Kahn ( 1 9 6 4 )  r e v ie w e d  t h e  f i n d i n g s  w i th  
r e g a rd  t o  t h e  r e l a t i o n s h i p  o f  smoking h a b i t s  t o  t o t a l  m o r t a l i t y  
and t h e  i n c i d e n c e  o f  new m a n i f e s t a t i o n s  o f  CHD in  2 , 2 8 2  m id d le  
aged men s u rv ey ed  f o r  10 y e a r s  in  Framingham, M a s s , ,  and 1 , 8 3 8  
m id d le  aged men s u rv ey ed  f o r  8 y e a r s  in  Albany,  N.Y.  In men 
smoking more than  2 0  c i g a r e t t e s  d a i l y  t h e  r i s k  o f  m y o c a r d ia l  
i n f a r c t i o n  was 3 t i m e s  g r e a t e r  than in  n o n - s m o k e rs ,  former  
sm oker s ,  c i g a r  and p ip e s m o k e r s .  No d e f i n i t e  r e l a t i o n s h i p  was 
found be tween  smoking and an gina p e c t o r i s  when t h i s  symptoms was 
t h e  s o l e  m a n i f e s t a t i o n  o f  CHD. They noted  t h a t  t h e  r i s k  from 
smoking w i t h  r e s p e c t  t o  m y o c a r d ia l  i n f a r c t i o n  remained even when 
blo od  p r e s s u r e  and c h o l e s t e r o l  l e v e l s  were s t a n d a r d i s e d ,  I t  was 
a l s o  s u g g e s t e d  t h a t  a c u t e  c i r c u l a t o r y  e f f e c t s  o c c u r r e d  due t o  
r a p id  a b s o r p t i o n  o f  n i c o t i n e  from t h e  bronchopulmonary t r e e .  The
( 2 2 )
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r e s u l t s  o f  t h i s  s t u d y  d i f f e r e d  from t h o s e  o f  Hammond ( 1 9 6 9 )  in  
t h a t  t h e  r i s k  o f  d e v e l o p i n g  m y o c a r d ia l  i n f a r c t i o n  r e v e r t e d  t o  
normal  in  t h o s e  who g a v e  up smoking -  a f i n d i n g  which l ed  D o y le  t o  
e m p h a s i s e  h i s  b e l i e f  in  t h a t  "smoking has an a c u t e  e f f e c t  on t h e  
i n c i d e n c e  o f  m y o c a r d ia l  i n f a r c t i o n  r a t h e r  than n e c e s s a r i l y  
c o n t r i b u t i n g  on a l o n g  term b a s i s  t o  t h e  d eve lop m en t  o f  atheroma
and t h en  CHD". T h i s  i n t e r p r e t a t i o n  has  been c h a l l e n g e d  by many
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p a t h o l o g i s t s  ( v i d e  i n f r a ) .  D oy le  ( 1 9 7 0 )  s u b s e q u e n t l y  s t a t e d  t h a t
o f  t h e  known p r e c u r s o r s  o f  CHD t h e  i d e n t i f i c a t i o n  o f  heavy
c i g a r e t t e  smoking as a f a c t o r  s i g n i f i c a n t l y  r e l a t e d  t o  m y o c a r d ia l
i n f a r c t i o n  and sudden d ea th  was t h e  s i n g l e  most im porta nt
c o n t r i b u t i o n  t h a t  had been made through  l o n g  term s t u d i e s  o f
41
d e g e n e r a t i v e  h e a r t  d i s e a s e ,  Gordon and Kannel ( 1 9 7 1 )  p r o v id e d
f u r t h e r  e v i d e n c e  o f  harmful  e f f e c t s  o f  c i g a r e t t e  smoking .  T h e i r
s tu d y  was a g a i n  based on t h e  Framingham p o p u l a t i o n ,  Start ing in  1948
a c o h o r t  o f  5 , 2 0 9  r e s i d e n t s  was examined b i e n n i a l l y .  In t h e  f i r s t  14
y e a r s ,  120 d i e d  o f  CHD b e f o r e  r e a c h i n g  65 y e a r s  o f  a g e .  T w o - t h i r d s
o f  t h e s e  d e a t h s  o c c u r r e d  o u t s i d e  h o s p i t a l ,  t h e  m a j o r i t y  s u d d e n l y ,
w i t h i n  one hour o f  t h e  o n s e t  o f  t h e  t e r m i n a l  e v e n t .  One h a l f  o f
a l l  p e r s o n s  d y in g  s u d d e n l y  had no p r i o r  c l i n i c a l  h e a r t  d i s e a s e .
A l l  o f  t h e  men who d i e d  and who were a p p a r e n t l y  f r e e  o f  s t i g m a t a  o f
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c a r d i o v a s c u l a r  d i s e a s e  were c i g a r e t t e  sm okers .  S pa in  ( 1 9 6 9 )  s t u d i e d  t h e  
p a t h o l o g i c a l  f i n d i n g s  in  r e l a t i o n  t o  age  and smoking h a b i t s  i n  102 
men d y i n g  su d d e n ly  o f  a f i r s t  c l i n i c a l  e p i s o d e  o f  CHD. The a v e r a g e  
age a t  d ea th  was 16 y e a r s  l e s s  in heavy smokers than in  n o n - s m o k e r s .
( 2 3 )
Of t h e  non-smokers  21 d e a t h s  were due t o  CIID and t h e  mean age was 
63 y e a r s  whereas  43 d e a t h s  due t o  CIID o c c u r r e d  in  t h o s e  smoking  
more than  20 c i g a r e t t e s  d a i l y  w i t h  mean age o f  dea th  o f  t h i s  group  
b e i n g  47 y e a r s .
E p i d e m i o l o g i c a l  e v i d e n c e  th u s  t e n d s  to  l i n k  CHD w i th  
c i g a r e t t e  smoking.  There may be both  an a c u t e  and a c h r o n i c  
r e l a t i o n s h i p .  P a t h o l o g i c a l  s t u d i e s  have been und er ta ken  t o  show 
t h a t  c i g a r e t t e  smoking may be r e l a t e d  t o  a t h e r o s c l e r o s i s .
ROLE OF CIGARETTE SMOKING IN ATHEROSCLEROSIS
C i g a r e t t e  smoking may l ea d  t o  i n c r e a s e d  atheroma o f  
t h e  c o r o n a r y  a r t e r i e s .  Auerbach,  Hammond and G a r f i n k e l  ( 1 9 6 5 ) ^  
r e p o r t e d  on 1 , 5 0 9  ma les  who had had a u t o p s i e s  and whose r e l a t i v e s  
had been v i s i t e d  t o  o b t a i n  d e t a i l s  o f  t h e i r  smoking h a b i t s  d u r in g  
l i f e .  T h e i r  s tu d y  was con cern ed  w i t h  t h e  1 ,3 7 2  men who d i e d  
o f  c a u s e s  o t h e r  than CHD. Of t h e s e  men, 126 had n ev e r  smoked,
893 smoked d ur in g  t h e i r  l a s t  i l l n e s s  and 353 were former c i g a r e t t e ,  
p i p e  or  c i g a r  smoker s .  A t h e r o s c l e r o s i s  o f  t h e  c o r o n a r y  a r t e r i e s  
was d e s c r i b e d  by t h e  s i z e  o f  p la q u e s  and d e g r e e  o f  u l c e r a t i o n  and was 
d i v i d e d  i n t o  s l i g h t ,  moder ate  and a d v a nc ed .  Wi th in  t h e  age groups  
o f  l e s s  than 45 y e a r s  and 4 5 - 5 9  y e a r s  t h e  p r o p o r t i o n  o f  men w i th  
a moder ate  t o  advanced d e g r e e  o f  a t h e r o s c l e r o s i s  was c o n s i d e r a b l y  
g r e a t e r  among smokers  th an  among n o n - s m o k e r s .  F u rth erm o re ,  w i t h i n  
each age group,  t h e  d e g r e e  o f  a t h e r o s c l e r o s i s  i n c r e a s e d  c o n s i s t e n t l y  
w i t h  t h e  amount o f  c i g a r e t t e  smoking ,  Auerbach,  Hammond, G a r f i n k e l  
and Kirman ( 1 9 7 1 )  a l s o  measured t h e  t h i c k n e s s  o f  m y o c a r d ia l  a r t e r i o l a r
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w a l l s  in  r e l a t i o n  t o  smoking and a g e .  One a s p e c t  o f  t h e  s t u d y  was
bas ed  on a u t o p s y  f i n d i n g s ,  t h e  o t h e r s  b e i n g  e x p e r i m e n t a l
i n v e s t i g a t i o n s  in b e a g l e  d o g s .  In man t h e  t h i c k n e s s  o f  t h e
a r t e r i o l a r  w a l l s  was on a v e r a g e  g r e a t e r  in  smokers than in
no n-smokers  and i n c r e a s e d  w i th  a g e .  The t h i c k n e s s  o f  t h e
a r t e r i o l a r  w a l l  a l s o  i n c r e a s e d  w i th  t h e  number o f  c i g a r e t t e s  smoked
each day and was l e s s  among c i g a r  and p ip esm o kers  than  among
c i g a r e t t e  smoker s .  In e x p e r i m e n t a l  s t u d i e s  b e a g l e  dogs  d a i l y  i n h a l e d
c i g a r e t t e  smoke through t r a c h e o s t o m i e s  w h i l e  c o n t r o l  dogs  were not
so  e x p o s e d .  The a r t e r i o l a r  w a l l s  became t h i c k e r  in  smoking dogs
than in  non-smoking  and t h i c k e r  in  dog s  smoking n o n - f i l t e r  c i g a r e t t e s
than t h o s e  smoking f i l t e r  t i p p e d  c i g a r e t t e s ,  l v t a n d i l o v ,  Kolenova
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and Ponomarenko ( 1 9 6 5 )  s t u d i e d  400 p r e p a r a t i o n s  o f  l o n g i t u d i n a l l y
r e s e c t e d  a o r t a s  and co r o n a r y  a r t e r i e s  and made a p l a n i m e t r i c
a s s e s s m e n t  and c l a s s i f i c a t i o n  o f  t h e  d e g r e e  o f  m o r p h o l o g i c a l
m a n i f e s t a t i o n s  o f  a t h e r o s c l e r o s i s .  The m a t e r i a l  was d i v i d e d  i n t o
smokers ( 1 8 0 )  and a c o n t r o l  group o f  non- smokers  ( 2 2 0 ) .  There was a
s i g n i f i c a n t  d i f f e r e n c e  between t h e  e x t e n t  o f  t h e  a t h e r o s c l e r o s i s  in
t h e  i n t i m a  o f  smokers as compared t o  n o n - s m o k e r s .  In young and m id d le
aged smokers t h e  area  o f  a t h e r o s c l e r o t i c  l e s i o n s  was 2 t o  3 t i m e s
1 1 1
g r e a t e r  than in c o n t r o l s ,  S a c k e t t  ( 1 9 6 ? )  r e p o r t e d  on a u t o p s i e s  o f  
1 , 0 1 9  p a t i e n t s  d y in g  in  a c a n c e r  h o s p i t a l .  These  p a t i e n t s  had been  
e x t e n s i v e l y  q u e s t i o n e d  b e f o r e  dea th  w i t h  regard  t o  c i g a r e t t e  smoking  
and t o  a l c o h o l  c o n s u m p t io n .  There was a p o s i t i v e  a s s o c i a t i o n  between  
c i g a r e t t e  smoking and a o r t i c  a th eroma.  The s e v e r i t y  o f  t h e  atheroma  
was n o t  r e l a t e d  t o  a l c o h o l  co n s u m p t io n .
( 2 5 )
An im portant  s e r i e s  o f  s t u d i e s  on t h e  a s s o c i a t i o n  o f  
c i g a r e t t e  smoking and a t h e r o s c l e r o s i s  has  been r e p o r t e d  by S t r o n g
and h i s  a s s o c i a t e s  ( S t r o n g ,  R i c h a r d s ,  M c G i l l ,  Eggen and McMurry 1 9 6 ^  
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S t r o n g  and Eggen 1 9 7 0 ) .  A u t o p s i e s  w ere  done on 747 men between  
2 0 - 6 4  y e a r s  o f  a g e .  A o r t i c  and c o r o n a r y  a r t e r y  l e s i o n s  were e v a l u a t e d  
both by i n d i v i d u a l  d i s s e c t i o n  and by r a d i o g r a p h s .  S c h e d u l e s  (which  
had been  e v a l u a t e d  in  l i v i n g  s u b j e c t s )  were used t o  e s t i m a t e  
c i g a r e t t e  smoking h a b i t s  o f  t h e  d e c e a s e d  men. A t h e r o s c l e r o t i c  
in v o l v e m e n t  o f  both t h e  a o r t a  and c o r o n a r y  a r t e r i e s  was g r e a t e s t  
in  hea vy  smokers  and l e a s t  in  n o n - s m o k e r s .  O c c u p a t i o n ,  p h y s i c a l  
a c t i v i t y  and e d u c a t i o n a l  l e v e l  a c h i e v e d  d id  not a cc o u n t  f o r  t h e  
o b s e r v e d  d i f f e r e n c e s  in  t h e  e x t e n t  o f  t h e  l e s i o n s .
The p r e c i s e  manner in which  c i g a r e t t e  smoking promotes  
a t h e r o s c l e r o t i c  v a s c u l a r  d i s e a s e  re m ains  u n c e r t a i n .  I t  has  been  
s u g g e s t e d  t h a t  p r o lo n g e d  c i g a r e t t e  smoking may a c c e l e r a t e  
a t h e r o s c l e r o s i s  through  an a c t i o n  on f a t  m e t a b o l i s m .  T h i s  t h e o r y  
i s  s u p p o r t ed  by t h e  p a t h o l o g i c a l  f i n d i n g s  o f  i n c r e a s e d  atheroma in  
sm okers .  There i s  a l s o  e v i d e n c e  t o  s u g g e s t  t h a t  c i g a r e t t e  smoking  
have have an a c u t e  e f f e c t ,  f o r  exam ple ,  by t h e  t r i g g e r i n g  o f  a 
f a t a l  d y s r h y t h m i a .  T h e o r i e s  have a l s o  been advanced t h a t  n i c o t i n e  
may a c t  d i r e c t l y  or  p o s s i b l y  thro ugh  c a t e c h o l a m i n e s  on c a r d i a c  
m e t a b o l i s m  and a l s o  on a r t e r i a l  w a l l s .
PHYSIOLOGICAL EFFECTS OF SMOKING
'  ..........................    4
Armita ge and M i l t o n  ( 1 9 6 4 )  d e v i s e d  a method f o r  i n t r o d u c i n g
t o b a c c o  smoke c o n t a i n i n g  known amounts o f  n i c o t i n e  i n t o  t h e  l u n g s
o f  u n a n a e s t h e t i s e d  c a t s .  By e x t r a p o l a t i o n  o f  t h e  r e s u l t s  t o  man
t h e y  s u g g e s t e d  t h a t  t h e  amount o f  n i c o t i n e  e n t e r i n g  t h e  lu n g s  
o f  a smoker who i n h a l e s  i s  l i k e l y  t o  be in  t h e  range o f  
5 0 - 1 5 0  ug o f  n i c o t i n e  per  p u f f  -  c o r r e s p o n d i n g  t o  a d o s a g e  o f  
] - 2  u g /k g  b o d y w e i g h t .  I t  i s  p r o b a b l e  t h a t  t h e  smoking o f  a 
c i g a r e t t e  produces  enough n i c o t i n e  i n t a k e  t o  c a u s e  a r e l e a s e  o f  
c a t e c h o l a m i n e s  from t h e  a d ren a l  g la n d  in  some, i f  not a l l ,  
smokers  -  e s p e c i a l l y  in t h o s e  who i n h a l e  d e e p l y .  L es s  deep i n h a l e r s  
are more l i k e l y  t o  have e f f e c t s  prod uced  by s y m p a t h e t i c  g a n g l i a  
s t i m u l a t i o n ,  r e l e a s e  o f  c a t e c h o l a m i n e s  from t h e  a d r e n a l  g l a n d ,
ch e m o re c ep to r  s t i m u l a t i o n  or  even p o s s i b l y  by d i r e c t  s t i m u l a t i o n
133o f  t h e  vasomotor c e n t r e .  W e s t f a l l  and Anderson ( 1 9 6 7 )  s t u d i e d
c a t e c h o l a m i n e  s t o r a g e  and m e ta b o l i s m  f o l l o w i n g  c i g a r e t t e  smoking
or n i c o t i n e  a d m i n i s t r a t i o n  in  e x p e r i m e n t a l  a n i m a l s .  Ur in e samples
were o b t a i n e d  from r a t s  s t u d i e d  in  m e t a b o l i s m  c a g e s  a f t e r  t h e
a d m i n i s t r a t i o n  o f  v a r i o u s  d o s a g e s  o f  n i c o t i n e  ( 0 . 1  t o  1 . 0  m g / k g ) .
T hese  produced a s i g n i f i c a n t  i n c r e a s e  in  t h e  u r i n a r y  e x c r e t i o n  o f
a d r e n a l i n e  and m e t a d r e n a l i n e .  They c o n c l u d e d  t h a t  r e l e a s e  o f
a d r e n a l i n e  from t h e  a d ren a l  medul la  was a more im p o rta n t  c a u s e  o f
p h a r m a c o l o g i c a l  r e a c t i o n s  t o  smoking than  n o r a d r e n a l i n e  r e l e a s e .
75Larson and S i l v e t t e  ( 1 9 6 4 )  ' r e v i e w e d  c e n t r a l  nervou s  s y s te m  f u n c t i o n  
w i t h  r e l a t i o n  to  t o b a c c o  a l k a l o i d s .  In g e n e r a l ,  s m a l l  d o s e s  o f  
n i c o t i n e  were found t o  have a s t i m u l a t o r y  a c t i o n  on t h e  CNS w h er eas  
w ith  l a r g e  d o s e s  d e p r e s s i o n  f o l l o w e d  t h e  s t i m u l a t i o n .  D oses  o f  
n i c o t i n e  t h a t  w i l l  produce CNS d e p r e s s i o n  or  p a r a l y s i s  are, how ev er,  
n e v e r  found as a c o n s e q u e n c e  o f  smoking.  C r o ss  c i r c u l a t i o n  e x p e r im e n t s  
have shown t h a t  n i c o t i n e  may s t i m u l a t e  t h e  c a r d i o - i n h i b i t o r  c e n t r e
( 2 7 )
d i r e c t l y  a l th o u g h  t h i s  d i r e c t  c e n t r a l  mechanism i s  l e s s  s e n s i t i v e  
than t h e  c a r o t i d  body r e f l e x  mechanism.  M in im a l ly  e f f e c t i v e  d o s e s  
o f  n i c o t i n e  appear t o  c a u s e  t a c h y c a r d i a  r e f l e x l y  through  s t i m u l a t i o n  
o f  c h e m o r e c e p to r s  in t h e  c a r o t i d  and a o r t i c  b o d i e s  w h i l e  l a r g e r
d o s e s  a l s o  s t i m u l a t e  s y m p a t h e t i c  g a n g l i a  and t h e  a d ren a l  m e d u l l a .
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Oral ( 1 ° 6 8 )  commented t h a t  t h e  d i f f i c u l t i e s  o f  p h a r m a c o l o g i c a l
i n v e s t i g a t i o n  o f  n i c o t i n e  a re  numerous and i n c l u d e  t h e  problem o f
t o l e r a n c e  d e v e l o p i n g  in  man through lo ng  c o n t i n u e d  u sa g e  o f  t h e
dru g ,  t h e  g r e a t  v a r i a b i l i t y  in  r e s p o n s e  t o  s i m i l a r  d o s a g e  shown by
normal s u b j e c t s ,  t h e  r o u t e  o f  a d m i n i s t r a t i o n  o f  n i c o t i n e  a f f e c t i n g
t h e  r e s u l t s  and t h e  f a c t  t h a t  f i n d i n g s  in  animal  e x p e r i m e n t s  are
not  n e c e s s a r i l y  a p p l i c a b l e  t o  man. The major a c t i o n  o f  n i c o t i n e
would appear t o  c o n s i s t  o f  a primary t r a n s i e n t  s t i m u l a t i o n  and a
s e c o n d a r y  ( p r o b a b ly  r a r e )  d e p r e s s i o n  o f  a l l  s y m p a t h e t i c  and
p a r a s y m p a t h e t i c  g a n g l i a .  I t  i s  due t o  a d i r e c t  a c t i o n  on t h e
g a n g l i a  c e l l s .  The a c t i o n  o f  n i c o t i n e  i n c l u d e s  t h e  s t i m u l a t i o n
o f  t h e  a d ren a l  m e d u l l a .  \  low c o n c e n t r a t i o n  can th u s  produce a l l
t h e  known e f f e c t s  o f  s y m p a t h e t i c  s t i m u l a t i o n  on t h e  h e a r t  and b lo o d
v e s s e l s .  \n i n c r e a s e  in  b a s a l  m e t a b o l i c  r a t e ,  f r e e  f a t t y  a c i d s  and
b lo o d  sugar has  a l s o  been r e p o r t e d .  The v a s o c o n s t r i c t i v e  e f f e c t  o f
n i c o t i n e  on p e r i p h e r a l  a r t e r i o l e s  and a r t e r i e s  i s  due t o  i n i t i a l
s t i m u l a t i o n  o f  s y m p a t h e t i c  g a n g l i a  c e l l s  w i t h  c o n s e q u e n t  d i s c h a r g e
o f  i m p u l s e s  a lo n g  p o s t  g a n g l i o n i c  f i b r e s .  In normal man n i c o t i n e
t e n d s  t o  i n c r e a s e  co r o n a r y  f l o w  or a t  l e a s t  does  not  d e c r e a s e  i t  
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( B a rg e rso n  1 9 5 7 ) .  In c o n t r a s t ,  in a s t u d y  o f  p a t i e n t s  w i t h  CUD, 
Regan,  Hel lems  and B ing  ( 1 9 6 0 )  ^  d e m o n s t r a t e d  s t a t i c  or  d e c r e a s i n g  
co r o n a r y  b lo o d  f l o w  d u r in g  c i g a r e t t e  smoking w h i l e  b lo o d  p r e s s u r e  and 
c a r d i a c  o u tp u t  r o s e .
( 2 8 )
CIGARETTE SMOKING AND FAT METABOLISM
Food l i p i d s  are  m a in ly  t r i g l y c e r i d e s .  They a re  h y d r o l y s e d  
by p a n c r e a t i c  l i p a s e  and th en  r e s y n t h e s i s e d  in  t h e  i n t e s t i n a l  
mucosa and e n t e r  t h e  b lood  s trea m as  c h y l o m i c r o n s .  T hese  are  
g r a d u a l l y  taken  up by t h e  l i v e r .  A f t e r  h y d r o l y s i s  t o  g l y c e r o l  
and f a t t y  a c i d s  t h e s e  a c i d s  a re  then  r e - e s t e r i f i e d , combined w i th  
p r o t e i n  and r e - e n t e r  t h e  c i r c u l a t i o n  as  l i p o p r o t e i n s  which then  
p a s s  t o  a d i p o s e  t i s s u e .  Incoming l i p o p r o t e i n s  a re  h y d r o ly s e d  
by a l i p o p r o t e i n  l i p a s e ,  r e s y n t h e s i s e d  and s t o r e d .  When f a t  
d e p o t s  are  m o b i l i s e d  t h e  s t o r e d  t r i g l y c e r i d e s  are  a g a in  h y d r o l y s e d  
and t h e  f a t t y  a c i d s  a r e  a s s o c i a t e d  w i t h  albumin ,  fo rming w a te r  
s o l u b l e  a lbumin bound n o n - e s t e r i f i e d  f a t t y  a c i d s  ( f r e e  f a t t y  
a c i d s ,  FFA).
D i e t a r y  c a r b o h y d r a t e s  are  f i r s t  ta k en  up by t h e  l i v e r .
Some a re  d e p o s i t e d  as  g l y c o g e n  and some form f a t t y  a c i d s  which  
a r e  th en  i n c o r p o r a t e d  i n t o  v e r y  low d e n s i t y  l i p o p r o t e i n s  (VLDL) 
and c i r c u l a t e d  in p la sm a.  These  are  th en  a s s i m i l a t e d  by a d i p o s e  
c e l l s  by a s i m i l a r  mechanism as  f o r  c h y lo m ic r o n  t r i g l y c e r i d e s .
There ar e  2 main p r o c e s s e s  i n v o l v e d  in  t h e  uptake  o f  plasma  
t r i g l y c e r i d e  by a d i p o s e  t i s s u e .
1.  L i p o p r o t e i n  l i p a s e .
2 .  F a t t y  a c i d  i n c o r p o r a t i o n  i n t o  a d i p o s e  t i s s u e .
The enzyme l i p o p r o t e i n  l i p a s e ,  when a c t i v a t e d  under s u i t a b l e  
c o n d i t i o n s ,  i s  r e s p o n s i b l e  f o r  l i p o l y s i s  o f  plasma l i p o p r o t e i n s .
When c o n s i d e r i n g  f a t t y  a c i d  i n c o r p o r a t i o n ,  C a r l s o n ,  W a l l d i u s
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and O ls so n  (1 9 7 3 )  found e v i d e n c e  o f  a d e f e c t  in  f a t t y  a c i d
( 2 9 )
uptake  by a d i p o s e  t i s s u e  o f  p a t i e n t s  w i t h  r a i s e d  t r i g l y c e r i d e  
v a l u e s .  Us ing n e e d l e  b i o p s y  s p e c i m e n s  o f  a d i p o s e  t i s s u e  in c u b a t e d  
w ith  l a b e l l e d  FFA t h e  r a t e  o f  i n c o r p o r a t i o n  o f  t h e  l a b e l l e d  FFA 
i n t o  a d i p o s e  t i s s u e  was measured and found t o  be low in  s u b j e c t s  
w i t h  r a i s e d  t r i g l y c e r i d e  v a l u e s .
The p r o c e s s  can be d e s c r i b e d  s c h e m a t i c a l l y  as f o l l o w s  ( a f t e r  
C a r l s o n  1 9 7 5 ) ! ^
BLOOD FAT CELL
F at
D i e t a r y
T r i g l y c e r i d e  F a t t y
C hylomicron  Ac ids
T r i g l y c e r i d e  
VLDL
F a t t y
Acids
4 - T r i g l y c e r i d e
G l y c e r o p h o s p h a t e
Carbohydra te  —> G l u c o s e
F a t t y  \ c i d s T r i g l y c e r i d e
VLDL
LIVER CELL
F a t t y  a c i d s  a r e  n o r m a l l y  c o m p l e t e l y  o x i d i s e d  t o  carbon  
d i o x i d e  and w a t e r .  I t  i s  l i k e l y  t h a t  f a t t y  a c i d  c h a i n s  are  s p l i t  
i n t o  2 - c a r b o n  u n i t s  c o n s i s t i n g  o f  some form o f  a c e t o - ^ c e t a t e .  The 
e n t r y  o f  a c e t a t e  i n t o  t h e  c i t r i c  a c i d  c y c l e  depends on t h e  
p r e s e n c e  o f  \TP co -enzym e A and in  t h e i r  p r e s e n c e  a c e t a t e  i s  
c o n v e r t e d  i n t o  a c e t y l - C o A .  T h i s  can th en  r e a c t  w i t h  o x a l o a c e t a t e  
and e n t e r  t h e  c i t r i c  a c i d  c y c l e .
( 3 0 )
i -------- ^ T r i o c >hate ------- ^ J l v c o a e --------^ •^ ------  j  a ^------
F a t s
Fatty Acids^—^  \cetyl-Co' ~ ^  \ c e t a t e
+ O x a l o a c e t a t e
V
C i t r a t e
In t h e  l i v e r  FFA m e t a b o l i s m  can r e s u l t  in  t h e  a c c u m u l a t i o n  
o f  o t h e r  compounds.  These  are  a c e t o - a c e t a t e  t o g e t h e r  w i t h  p 
h y d r o x y b u t y r a t e  and s m a l l  amounts o f  a c e t o n e .  The parent,  
s u b s t a n c e  i s  a c e t o - a c e t a t e .  Under t h e  i n f l u e n c e s  o f  3 h y d r o x y b u t y r a t e  
d e h y d r o g e n a s e  a^d NAD, a c e t o - a c e t a t e  and p h y d r o x y b u t y r a t e  are  
f r e e l y  i n t e r c o n v e r t i b l e ,  Acetone a r i s e s  from a c e t o - a c e t a t e .
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3
B H y d r o x y b u t y r i c  a c i d
T r a c e s  o f  k e t o n e  b o d i e s  ( a c e t o - a c e t a t e ,  3 h y d r o x y b u t y r a t e  
and a c e t o n e )  can be d e t e c t e d  in  norm°l  b l o o d .  They i n c r e a s e  when 
t h e r e  i s  i n c r e a s e d  f a t  m e t a b o l i s m .  Ketone body p r o d u c t i o n  i s  
a s s o c i a t e d  w i t h  n o n - a v a i l a b i l i t y  or  under u t i l i s a t i o n  o f  c a r b o h y d r a t e .  
Whether k e t o n e  b o d i e s  a re  re g a rd ed  as d i r e c t  or  as s e c o n d a r y  p r o d u c t s  
o f  f a t  m e t a b o l i s m  i t  has  been shown t h a t  t h e  a b i l i t y  o f  t h e  l i v e r
( 3 1 )
t o  o x i d i s e  f a t t y  a c i d s  i s  l i m i t e d .  The l i v e r  can n ot  o x i d i s e  
a c e t o - a c e t a t e  a l th o u g h  i t  can r e a d i l y  produce  i t .  The e x t r a - h e p a t i c  
t i s s u e s  can and do m e t a b o l i s e  a c e t o - a c e t a t e  and B h y d r o x y b u t y r a t e .
Even when t h e  l i v e r  i s  p ro d u c in g  s i g n i f i c a n t  q u a n t i t i e s  o f  k e t o n e  
b o d i e s  t h e s e  may p a s s  i n t o  t h e  c i r c u l a t i o n  and undergo o x i d a t i o n  
in  t h e  e x t r a  h e p a t i c  t i s s u e s  so  t h a t  no a c t u a l  k e t o s i s  d e v e l o p s  
u n t i l  t h e  r a t e  o f  fo r m a t io n  o f  a c e t o - a c e t a t e  and o t h e r  k e t o n e  
b o d i e s  i n  t h e  l i v e r  o u t s t r i p s  t h a t  at  which t h e y  can be o x i d i s e d  
by o t h e r  e x t r a - h e p a t i c  t i s s u e s .
F r e e  f a t t y  a c i d s  may have c o n s i d e r a b l e  im p o rta n ce  b e c a u s e  
o f  t h e i r  c l o s e  r e l a t i o n s h i p  t o  v e n t r i c u l a r  d y s rh y t h m ia s  ( v i d e  i n f r a )  
and a l s o  b e c a u s e  o f  t h e  p o s i t i v e  r e l a t i o n s h i p  be tween  FF\  c o n c e n t r a t i o n
and m y o c a r d ia l  oxygen consumptio n  ( W a h l q v i s t ,  K a i j s e r ,  L a s s e r s  and C a r l s o n
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1 9 7 3 ) .  F re e  f a t t y  a c i d s  appear t o  be taken  up by t h e  l i v e r  a t  a 
r a t e  d i r e c t l y  r e l a t e d  t o  t h e i r  plasma c o n c e n t r a t i o n  i e  an i n c r e a s e d  
r a t e  o f  m o b i l i s a t i o n  o f  FF\ from a d i p o s e  t i s s u e  i n c r e a s e s  h e p a t i c  
f a t t y  a c i d  u p t a k e .  Once taken  up by t h e  l i v e r ,  s e v e r a l  m e t a b o l i c  
p r o c e d u r e s  may o c c u r ,
( a )  o x i d a t i o n  t o  carbon  d i o x i d e  or  k e t o n e  b o d i e s  
(a s  d e s c r i b e d  a b ove)
( b )  i n c o r p o r a t i o n  i n t o  VLDL t r i g l y c e r i d e
( c )  s t o r a g e  as l i v e r  t r i g l y c e r i d e
Thus i n c r e a s e d  FFA m o b i l i s a t i o n  c o u l d  l e a d  t o  i n c r e a s e d  k e t o n e  body 
p r o d u c t i o n  and p o s s i b l y  t o  i n c r e a s e d  VLDL or even  f a t t y  l i v e r .
( 3 2 )
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Spahn and Voss ( 1 9 6 9 )  in d i s c u s s i n g  t h e  r e g u l a t o r y  mechanisms  
and c l i n i c a l  im porta nce  o f  FFA s t a t e d  t h a t  t h e y  r e p r e s e n t  t h e  most  
im p o rta n t  en e r g y  s o u r c e  o f  t h e  o rg a n ism  in  t h e  p o s t - a b s o r p t i v e  
p ha se  and in  c o n d i t i o n s  o f  i n c r e a s e d  e n e r g y  r e q u i r e m e n t s .
Re itsma ( 1 9 6 7 )  a l s o  commented t h a t  t h e  en e r g y  s u p p l y  o f  t h e  organ ism  
i s  l a r g e l y  d e r i v e d  from FFA and g l u c o s e .  During p r o lo n g e d  f a s t i n g  
FF\  a r e  t h e  predominant  f u e l ,  g l u c o s e  b e i n g  m a in ly  used t o  meet  
o x i d a t i v e  demands j u s t  a f t e r  e a t i n g .  The l e v e l s  o f  b lo o d  sugar  
and FF\  depend on t h e  m e ta b o l i s m  o f  a d i p o s e  t i s s u e ,  m u s c le  and 
l i v e r  w i t h  t h e  t u r n o v e r  r a t e  o f  a lbumin bound FFA b e i n g  around 30  
per c e n t  per  m i n u t e .  In s i t u a t i o n s  where g l u c o s e  u t i l i s a t i o n  i s  
not  p o s s i b l e ,  FFA l e v e l s  r i s e  r a p i d l y  w h i l e  a f t e r  g l u c o s e  i n g e s t i o n  
FFA l e v e l s  f a l l .  T h i s  i s  p r o b a b ly  a s s o c i a t e d  w i th  t h e  a c t i o n  o f  
i n s u l i n  en h a n c in g  t h e  e n t r y  o f  g l u c o s e  i n t o  a d i p o s e  c e l l s .  T h i s  
l e a d s  t o  t h e  fo r m a t io n  o f  a l p h a - g l y c e r o p h o s p h a t e  which i s  used f o r  
t h e  e s t e r i f i c a t i o n  o f  FFA to  form t r i g l y c e r i d e .  As a r e s u l t ,  t h e  
o u t p u t  o f  FFA f a l l s  and remains  low w h i l e  g l u c o s e  i s  a v a i l a b l e .  
During f a s t i n g  t h e  FFA c o n t e n t  o f  plasma r i s e s  b e c a u s e  o f  l i p o l y s i s .  
An e l e v a t e d  plasma FFA i n h i b i t s  t h e  u t i l i s a t i o n  o f  g l u c o s e  by m u s c l e  
which  i s  r e f l e c t e d  in  a d e c r e a s e  o f  i n s u l i n  s e n s i t i v i t y .
J e n k i n s  ( 1 9 6 ^ )  d i s c u s s e d  t h e  r o l e  o f  FFA and b lo o d  g l u c o s e  
h o m e o s t a s i s  in  d i s e a s e s  i n v o l v i n g  a l t e r e d  l i p i d  m e t a b o l i s m .  He 
s u g g e s t e d  t h a t  r a i s e d  plasma FFA and k e t o n e  body l e v e l s  c a u s e d  
i n c r e a s e d  i n s u l i n  r e l e a s e  and c o u l d  a c c o u n t  f o r  t h e  r a i s e d  i n s u l i n  
l e v e l s  r e p o r t e d  in  some o b e s e  d i a b e t i c  p a t i e n t s .  T h i s  may be  
r e l e v a n t  t o  t h e  g l u c o s e / f a t t y  a c i d  c y c l e  t h e o r y  d e v e l o p e d  by
( 3 3 )
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R a n d le ,  G arland,  H a le s  and Newsholme ( 1 9 6 3 )  which p r o p o s e s :
( a )  when b lo o d  g l u c o s e  f a l l s ,  FFA a r e  l i b e r a t e d  from a d i p o s e  
t i s s u e  and i n h i b i t  g l u c o s e  u ptake  by p e r i p h e r a l  t i s s u e s  
such as  m u s c l e ,  and
( b )  t h e  r e s u l t i n g  r i s e  in b lo o d  su g a r  in  tu rn  d i m i n i s h e s  
FFA r e l e a s e  from a d i p o s e  t i s s u e .
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Madison,  Mebane, Ungar and Lochner ( 1 9 6 4 )  showed t h a t  
i n f u s i o n s  o f  k e t o n e  b o d i e s  i n c r e a s e d  i n s u l i n  s e c r e t i o n  and lowered  
l e v e l s  o f  plasma FFA and g l u c o s e .  T h i s  f i n d i n g  l e d  them t o  p rop ose  
t h a t  t h e  p r o d u c t i o n  o f  k e t o n e  b o d i e s  from FFA s t i m u l a t e d  i n s u l i n  
r e l e a s e  and so l i m i t e d  FFA p r o d u c t i o n .  I n s u l i n  i s  b e l i e v e d  to  
d i m i n i s h  FFA o u t p u t  by a d i p o s e  t i s s u e  in  two ways;  f i r s t l y ,  by 
pro mot ing g l u c o s e  e n t r y  i n t o  a d i p o s e  t i s s u e  c e l l s  and s e c o n d l y ,  
by a d i r e c t  i n h i b i t o r y  a c t i o n  on l i p a s e .  Ketone b o d i e s  a l s o
55
i n h i b i t  FFA r e l e a s e  by d i r e c t  a c t i o n  on l i p a s e .  J e n k i n s  (1 96 7b )  
s u g g e s t e d  on t h e  b a s i s  o f  t h e  above work t h a t  d i f f e r e n c e s  in  t h e  
r e g u l a t i o n  o f  plasma FFA, k e t o n e  b o d i e s  and g l u c o s e  c o u l d  be o f  
im p o r ta n ce  in  d e g e n e r a t i v e  d i s e a s e s  o f  which CHD i s  o n e .  I t  i s  
p o s s i b l e  t h a t  i n c r e a s e d  FFA and k e t o n e  body l e v e l s  c o u l d  l ea d  t o  a 
r i s e  in  b lo o d  sugar  and i n i t i a l l y  t o  p a n c r e a t i c  s t i m u l a t i o n  w i th  
p erhaps  e v e n t u a l l y  a s t a t e  o f  r e l a t i v e  p a n c r e a t i c  e x h a u s t i o n .  FFA 
and k e t o n e s  a l s o  te nd  t o  be s t i m u l a t o r s  o f  g l u c o n e o g e n e s i s  and 
h e p a t i c  g l u c o s e  o u t p u t  w h i l e  i m p a i r i n g  g l u c o s e  u t i l i s a t i o n  in  
p e r i p h e r a l  t i s s u e s .  The se  f a c t o r s  a l l  might  f a v o u r  i n c r e a s e d  l i p i d  
s y n t h e s i s  and s u b s e q u e n t  d e p o s i t i o n  in  t h e  a r t e r i a l  w a l l .
( 3 4 )
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F e l t s ,  C r o f f o r d  and Park ( 1 9 6 4 )  showed in  e x p e r i m e n t a l  
s t u d i e s  in  t h e  dog t h a t  k e t o n e  b o d i e s  c o u l d  have two e f f e c t s .
I n f u s i o n  o f  k e t o n e  b o d i e s  i n t o  t h e  i n t a c t  f a s t i n g  dog produced  
prompt h y p o g l y c a e m i a . They s u g g e s t e d  t h a t  t h i s  e f f e c t  i s  a 
c o n s e q u e n c e  o f  a r e d u c t i o n  in  h e p a t i c  g l u c o s e  o u t p u t  due t o  
i n c r e a s e d  i n s u l i n  s e c r e t i o n .  C o n v e r s e l y  when h y p e r g l y c a e m i a  i s  
e s t a b l i s h e d  by a c o n s t a n t  i n f u s i o n  o f  g l u c o s e ,  i n f u s i o n  o f  k e t o n e  
b o d i e s  produces  f u r t h e r  h y p e r g l y c a e m i a .  They proposed  t h a t  t h i s  
i s  due t o  an i n h i b i t i o n  o f  p e r i p h e r a l  g l u c o s e  u t i l i s a t i o n .  T h e i r  
r e a s o n s  were as f o l l o w s .  E l e v a t i o n  o f  b lo o d  g l u c o s e  i s  t h e  o p t i m a l  
p h y s i o l o g i c a l  s t i m u l u s  t o  t h e  p a n c r e a t i c  p  c e l l s  and r a i s e s  i n s u l i n  
s e c r e t i o n  t o  a l e v e l  where no f u r t h e r  r e s p o n s e  can be o b t a i n e d  from 
k e t o n e  b o d i e s .  The c o m b in a t io n  o f  h y p e r g l y c a e m i a  and e l e v a t e d  
i n s u l i n  l e v e l s  e s t a b l i s h e s  a h ig h  r a t e  o f  p e r i p h e r a l  g l u c o s e  u p t a k e .  
Under such c o n d i t i o n s  t h e  i n h i b i t o r y  e f f e c t  o f  k e t o n e  b o d i e s  on 
p e r i p h e r a l  g l u c o s e  upt ake becomes m a n i f e s t  by a r i s e  in  b lo o d  
g l u c o s e  or  a t  l e a s t  a r e d u c t i o n  o f  t h e  normal  t e n d e n c y  t o  f a l l .
Free  f a t t y  a c i d s ,  k e t o n e  b o d i e s  and i n s u l i n  t h e r e f o r e  appear  
t o  be c l o s e l y  r e l a t e d  in  m e t a b o l i c  r e a c t i o n s .  C i g a r e t t e  smoking  
c a u s e s  an i n c r e a s e  in  FFA and i t  has been s u g g e s t e d  t h a t  d i f f e r e n c e s  
in  r e s p o n s e  t o  c i g a r e t t e  smoking o c c u r  between  s u b j e c t s  w i t h  and
w i t h o u t  c l i n i c a l  m a n i f e s t a t i o n s  o f  CHD or p e r i p h e r a l  v a s c u l a r
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d i s e a s e  (PVD), Kershbaum, B e l l e t ,  Caplan and F e i n b e r g  ( 1 9 6 2 )  s t u d i e d  
t h e  e f f e c t s  o f  c i g a r e t t e  smoking in  s u b j e c t s  who had p r e v i o u s l y  had a 
m y o c a r d ia l  i n f a r c t i o n .  There were 17 male  p a t i e n t s  whose  m y o c a r d ia l  
i n f a r c t i o n  had o c c u r r e d  from t h r e e  months t o  12 y e a r s  p r e v i o u s l y  -
( 3 5 )
a c o n s i d e r a b l e  d i f f e r e n c e  in  t i m e .  Two f i l t e r  c i g a r e t t e s  were  
smoked o v e r  a 10  m inute  p e r i o d  and venou s  b lo o d  was sampled b e f o r e  
and 1 0 , 2 0 , 30  and 40 m in u te s  a f t e r  f i n i s h i n g  t h e  second  c i g a r e t t e .
There was a r i s e  o f  FFA which u s u a l l y  p e r s i s t e d  f o r  t h e  40 m in utes  
o f  t h e  s t u d y .  In t h e i r  c l i n i c a l l y  normal  group t h e r e  was a mean 
r i s e  o f  292 u eq /1  ( 2 4 . 6  per  c e n t )  compared w i th  a h i g h e r  v a l u e  o f  
856  ueq /1  (65  per  c e n t )  f o r  t h o s e  s u b j e c t s  who had p r e v i o u s l y  s u s t a i n e d  
a m y o c a r d ia l  i n f a r c t i o n .  I t  was n o ted  t h a t  t h e  p r e - s m o k i n g  l e v e l s  
o f  FFA v a r i e d  c o n s i d e r a b l y  and t h a t  t h e r e  was a l s o  a v a r i a b l e  
r e s p o n s e  t o  smoking p o s s i b l e  due t o  i n d i v i d u a l  d i f f e r e n c e s  in  t h e  
c a t e c h o l a m i n e  r e l e a s i n g  e f f e c t s  o f  n i c o t i n e .  The a u t h o r s  s u g g e s t e d  
t h a t  t h e  i n c r e a s e d  r i s e  in  FFA in  t h o s e  s u b j e c t s  who had had a 
m y o c a r d ia l  i n f a r c t i o n  might  p o s s i b l y  be due to  i n c r e a s e d  r e l e a s e  o f  
a d r e n a l i n e  and n o r a d r e n a l i n e  from t h e  a d r e n a l  m edu l la  and s y m p a t h e t i c  
p o s t - g a n g l i o n i c  f i b r e s  and t h a t  t h e  m y o c a r d ia l  i n f a r c t i o n  group might  
have  a h y p e r a c t i v e  a d r e n a l / s y m p a t h e t i c  s y s t e m .  However,  t h e  wide  
v a r i a t i o n  in  t i m e  f o l l o w i n g  m y o c a r d ia l  i n f a r c t i o n  make t h e i r  r e s u l t s
d i f f i c u l t  t o  e v a l u a t e  f u l l y ,  Kershbaum, Osada,  S c r i a b i n e ,  B e l l e t
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and Pappajohn ( 1 9 6 7 )  a l s o  i n v e s t i g a t e d  t h e  e f f e c t  of n i c o t i n e  on t h e  
m o b i l i s a t i o n  o f  FFA from r a t  a d i p o s e  t i s s u e  in  o r d e r  t o  d e t e r m i n e  w h eth er  
or not n i c o t i n e  had any d i r e c t  a d i o p o k i n e t i c  e f f e c t  c o n t r i b u t i n g  t o  
t h e  r e l e a s e  o f  FFA. Epid idym al  f a t  p a t s  were removed from d e c a p i t a t e d  
r a t s .  T hese  were i n c u b a t e d  and e i t h e r  a d r e n a l i n e  or  n i c o t i n e  was 
added t o  t h e  c o n t r o l  medium. There was no i n c r e a s e  in  FFA r e l e a s e  
w i t h  n i c o t i n e  as  compared t o  c o n t r o l  v a l u e s  but an i n c r e a s e  o f  about
100 per  c e n t  o c c u r r e d  w i t h  a d r e n a l i n e ,  In f u r t h e r  e x p e r i m e n t s ,  
r a t s  were g i v e n  i n t r a p e r i t o n e a l  i n j e c t i o n s  o f  s a l i n e ,  n i c o t i n e  or  
a d r e n a l i n e  two hours  b e f o r e  s a c r i f i c e .  Fat  p a t s  were th en  e x c i s e d  
and i n c u b a t e d ,  FFA r e l e a s e  was ma rked ly  i n c r e a s e d  a f t e r  n i c o t i n e  
or a d r e n a l i n e  but not  a f t e r  s a l i n e .  In a p e r f u s e d  d o g - l i m b  s tu d y  
n i c o t i n e  b i t a r t r a t e  was g i v e n  ( 0 . 5 - 2 . 5  mg/kg)  i n t r a - a r t e r i a l l y  and 
sam p les  were th en  ta k en  from t h e  f e m o ra l  v e i n  a t  f r e q u e n t  i n t e r v a l s .  
T here  was no i n c r e a s e  in  FFA l e v e l s .  O v e r a l l  t h e s e  r e s u l t s  support  
t h e  h y p o t h e s i s  t h a t  t h e  m o b i l i s a t i o n  o f  FFA by n i c o t i n e  and t o b a c c o  
smoking i s  t h e  r e s u l t  o f  t h e i r  s t i m u l a t i o n  o f  t h e  s y m p a t h e t i c  nervou s  
s y s t e m  and i n c r e a s e d  c a t e c h o l a m i n e  s e c r e t i o n .
A co m p a r a t iv e  s t u d y  o f  t h e  e f f e c t s  o f  c i g a r e t t e ,  c i g a r  and
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p ip esm okin g  was r e p o r t e d  by Kershbaum ( 1 9 6 8 ) .  F o l l o w i n g  t h e i r  
u s u a l  smoking h a b i t s  s u b j e c t s  showed g r e a t e r  FFA m o b i l i s a t i o n  w i t h  
c i g a r e t t e s  than w i t h  p i p e  or  c i g a r s .  T h i s  e f f e c t  was r e v e r s e d  when 
c i g a r s  were i n h a l e d  and c i g a r e t t e s  were n o t .  In d o g s ,  w i t h  t h e  
l e v e l  o f  i n h a l a t i o n  h e l d  c o n s t a n t ,  t h e r e  was no d i f f e r e n c e  in  
FFA or t r i g l y c e r i d e  r e s p o n s e  t o  c i g a r e t t e ,  c i g a r  or  pipesmoking!, '  
S i m i l a r l y  t h e  u r i n a r y  c a t e c h o l a m i n e  o u tp u t  was co m p a r a b le .  In man, 
u r i n a r y  c a t e c h o l a m i n e  l e v e l s  were  found t o  be i n c r e a s e d  a f t e r
h eavy  c i g a r e t t e  smoking (Kershbaum, B e l l e t ,  J i m i n e z  and F e i n b e r g
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1 9 6 6 )  when compared t o  c o n t r o l  v a l u e s  and t h i s  e f f e c t  ap pe ared  t o  be  
due t o  i n h a l a t i o n  and t h e  e f f e c t  t h i s  had on n i c o t i n e  a b s o r p t i o n .
I t  s h o u l d  be n o ted  t h a t  t h e s e  s u b j e c t s  smoked up t o  20 c i g a r e t t e s  
in  o r d e r  t o  prod uc e t h i s  e f f e c t .  They found t h a t  l e v e l s  o f  both
( 3 7 )
a d r e n a l i n e  and n o r a d r e n a l i n e  in  t h e  u r i n e  i n c r e a s e d  f o l l o w i n g  
smoking .
I t  i s  p o s s i b l e  t h a t  c a t e c h o l a m i n e  r e l e a s e  a f t e r  n i c o t i n e
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a f f e c t s  f a c t o r s  o t h e r  than  FFA. N e s t e l  ( 1 9 6 4 )  s t u d i e d  plasma
t r i g l y c e r i d e  and FFA ch an ges  in  r e s p o n s e  t o  n o r a d r e n a l i n e  in  man.
There were 17 men w i t h  CHD and e i g h t  c o n t r o l s .  N o r a d r e n a l i n e  was
g i v e n  i n t r a v e n o u s l y  in  a d o s e  o f  0 . 2  u g / k g / m i n u t e  f o r  15 m i n u t e s .
A h i g h l y  s i g n i f i c a n t  r e l a t i o n s h i p  was found be tween  plasma t r i g l y c e r i d e
c o n c e n t r a t i o n s  and t h e  a b s o l u t e  and p e r c e n t i l e  i r r e m e n t s  in  FFA
a f t e r  15 m in u te s  o f  n o r a d r e n a l i n e  i n f u s i o n .  \ t  any g i v e n  plasma
t r i g l y c e r i d e  l e v e l  t h e  FFA r e s p o n s e  was g r e a t e r  in  t h e  c o n t r o l
s u b j e c t  than in  t h e  p a t i e n t  w i t h  CHD. The i n h i b i t o r y  e f f e c t  o f
n i c o t i n i c  a c i d  ( 2 0 0  mg) on n o r a d r e n a l i n e  induced  m o b i l i s a t i o n  o f  FFA
was a l s o  s t u d i e d .  In 15 s u b j e c t s  t h e  f a l l  in plasma FFA a f t e r
n i c o t i n i c  a c i d  was found t o  be s i g n i f i c a n t l y  r e l a t e d  t o  t h e  b a s a l
l e v e l  o f  FFA. N e s t e l  c o n c l u d e d  t h a t  s y m p a t h e t i c  n erv o u s  a c t i v i t y
in  i t s  a c t i o n  o f  d e t e r m i n i n g  t h e  mag n itude o f  t h e  FFA f l u x  i s  a
major f a c t o r  in  t h e  r e g u l a t i o n  o f  t h e  f a s t i n g  plasma t r i g l y c e r i d e
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c o n c e n t r a t i o n  in  man. R u ten b e rg ,  Sch w a rtz  and S o l o f f  ( 1 9 6 8 )  s t u d i e d  
n o r a d r e n a l i n e  and h e p a r i n  induced  ch an ges  in  plasma FFA and compared  
p a t i e n t s  w i t h  CHD t o  normal (but  in  f a c t  much y o u n g e r )  c o n t r o l s .  
N o r a d r e n a l i n e  ( 0 . 2  u g / k g / m i n u t e )  and h e p a r i n  100 mg i n t r a v e n o u s l y  
were  used  t o  d e t e r m i n e  w h et h er  t h e i r  r e s p e c t i v e  l i p o l y t i c  a c t i v i t i e s  
would r e v e a l  ch a n g es  in  plasma FFA t h a t  might  d i f f e r  in  such s u b j e c t s .  
FFA i n c r e a s e s  a f t e r  n o r a d r e n a l i n e  o c c u r r e d  more s l o w l y  and t o  a
( 3 8 )
s i g n i f i c a n t l y  l e s s e r  d e g r e e  in  t h e  CUD grou p .  Although t h e  
p a t t e r n  change in  FFA was s i m i l a r  i n  both  groups and r e f l e c t e d  
l i p o l y s i s  o f  a d i p o s e  t i s s u e  t h e r e  was s u b s t a n t i a l l y  l e s s  r i s e  in  
t h e  p e r c e n t a g e  o f  p a l m i t o l e i c  a c i d  than  t h e  normal  both in  terms o f  
a b s o l u t e  amounts and as a p e r c e n t a g e  o f  t o t a l  FFA. S i x t y  m in u t e s  
a f t e r  h e p a r in  t h e r e  was a s i g n i f i c a n t l y  g r e a t e r  amount o f  s t e a r i c  
a c i d  s t i l l  p r e s e n t  in  t h e  plasma o f  t h e  CHD group than in  t h e  
normal  c o n t r o l s .  Heparin was a l s o  g i v e n  5 m in u t e s  a f t e r  s t o p p i n g  
t h e  n o r a d r e n a l i n e  i n f u s i o n .  Then m i n u t e s  l a t e r  t h e r e  was a 
s i g n i f i c a n t l y  g r e a t e r  l e v e l  o f  t h e  two s a t u r a t e d  a c i d s ,  m y r i s t i c  
and p a l m i t i c  in  t h e  CHD group .  The r a t e  o f  d e c l i n e  o f  t o t a l  and 
i n d i v i d u a l  FFA was much f a s t e r  a f t e r  t h e  h i g h e r  l e v e l s o f  FFA which  
we re  re ach ed  by t h e  combined e f f e c t s  o f  n o r a d r e n a l i n e  and h e p a r i n .
65Kingsbury and J a r r e t t  ( 1 9 6 7 )  s t u d i e d  t h e  e f f e c t s  o f  a d r e n a l i n e  
and smoking in  p a t i e n t s  w i t h  PVD. They measured g l u c o s e ,  
im m unoreac t i ve  i n s u l i n  (TRI) and FFA in  36 male  s u b j e c t s  w i th  
c l i n i c a l l y  s e v e r e  PVD. The e f f e c t s  o f  smoking two n o n - t i p p e d  
c i g a r e t t e s  ov er  20  m in u t e s  and a d r e n a l i n e  0 .0 1  u l  o f  1 : 1 0 ,0 0 0  
s o l u t i o n / k g  b o dyw eight  was compared.  Under b a s a l  c o n d i t i o n s ,  t h e  
FFA r e s p o n s e  t o  both a d r e n a l i n e  and smoking was w i t h i n  normal l i m i t s .  
A d re n a l in e  c o n s i s t e n t l y  produced a r i s e  in  b lo o d  su g a r  w h ereas  
smoking e i t h e r  had no e f f e c t  or l o w ered  t h e  f a s t i n g  g l u c o s e  l e v e l .
In 5 p a t i e n t s ,  howeve r,  smoking ca u sed  a r i s e  in  IRI which c o u l d  not  
be a cc o u n te d  f o r  by cha nge o f  b lo o d  s u g a r .  Kingsbury  and J a r r e t t  
s u g g e s t e d  t h a t  t h i s  r e s p o n s e  t o  smoking migh t  o c c u r  in  p e o p l e  who 
a r e  h y p e r s e c r e t o r s  o f  i n s u l i n .  They commented t h a t  t h e  e f f e c t s  o f
( 3 9 )
smoking have up t o  now been re g a r d e d  as  due to  r e l e a s e  o f
c a t e c h o l a m i n e s  but  t h a t  o t h e r  e f f e c t s  sh o u ld  be c o n s i d e r e d .  In
some s u b j e c t s ,  t h e r e  may be an enhanced  i n s u l i n  r e s p o n s e  perhaps
due t o  t h e  a c t i o n  o f  n i c o t i n e  as a v a g a l  s t i m u l a n t .  I t  sh o u ld  be
n o te d  t h a t  Kingsbury  and J a r r e t t  r e p o r t e d  t h a t  a d r e n a l i n e  ca u sed  a
r i s e  in  IRI.  T h i s  f i n d i n g s  i s  in  c o n t r a - d i s t i n c t i o n  t o  t h a t
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r e p o r t e d  by P o r t e ,  Graber ,  Kuzuyat and W i l l i a m s  ( 1 9 6 6 )  who a l s o  
i n v e s t i g a t e d  t h e  e f f e c t s  o f  a d r e n a l i n e  on IRI l e v e l s  in  man.
During t h e  i n f u s i o n  o f  6 u g /m i n u te  o f  a d r e n a l i n e  in  normal s u b j e c t s  
t h e r e  was marked h y p e r g ly c a e m ia  but  IRI remained a t  b a s a l  l e v e l s  
u n t i l  t h e  i n f u s i o n  was s t o p p e d .  T h i s  i n h i b i t i o n  o f  an e x p e c t e d  
i n c r e a s e  in  IRI c o u l d  be m a i n t a i n e d  f o r  up t o  7 hours  by t h e  
c o n t i n u e d  i n f u s i o n  o f  a d r e n a l i n e .  T h e i r  d a ta  were  c o n s i d e r e d  t o  
be c o n s i s t e n t  w i t h  an i n h i b i t o r y  e f f e c t  o f  a d r e n a l i n e  upon p a n c r e a t i c  
i n s u l i n  r e l e a s e .
The o v e r a l l  i m p r e s s i o n  i s  t h a t  t h e r e  i s  a s i g n i f i c a n t  r i s e  
i n  FFA f o l l o w i n g  c i g a r e t t e  smok ing.  Whether or  not  t h i s  i s  e x c e s s i v e  
in  s u b j e c t s  who have CRD has  been p o s t u l a t e d  but  not  y e t  p r o v e n .
T here  does  seem t o  be some e v i d e n c e  than  an i n c r e a s e d  r e s p o n s e  o c c u r s  
in  t h o s e  s u b j e c t s  who have had a m y o c a r d ia l  i n f a r c t i o n  as  an e x p r e s s i o n  
o f  CHD. Whether t h i s  i s  a permanent  or  t r a n s i e n t  phenomenon has not  
y e t  been e s t a b l i s h e d .  I t  has  a l s o  u s u a l l y  been assumed t h a t  t h e  
r e a s o n  f o r  t h e  i n c r e a s e d  FFA f o l l o w i n g  c i g a r e t t e  smoking i s  a 
c o n s e q u e n c e  o f  s y m p a t h e t i c  and a d r e n a l  m edu l la iy  s t i m u l a t i o n  w i t h  
r e l e a s e  o f  c a t e c h o l a m i n e s  c a u s i n g  l i p o l y s i s  o f  a d i p o s e  t i s s u e .  I t  
has a l s o  been s u g g e s t e d  t h a t  i n s u l i n  r e l e a s e  may have a p a r t  t o  p l a y
( 4 0 )
in  some p a t i e n t s .  L i t t l e  c o n s i d e r a t i o n  has been g i v e n  t o  t h e  
f a t e  o f  t h e s e  i n c r e a s e d  FFA e s p e c i a l l y  w i t h  r e g a rd  t o  t h e  l e v e l  
o f  k e t o n e  body p r o d u c t i o n  and perhaps  a l s o  t o  t h e  r a t e  o f  m e t a b o l i s m  
o f  g l y c e r o l  r e l e a s e d  d u r in g  l i p o l y s i s .  Ketone body p r o d u c t i o n  
would seem t o  be e s p e c i a l l y  r e l e v a n t  in  re g a rd  t o  r e g u l a t i o n  o f  
b lo o d  g l u c o s e ,  i n s u l i n  and p o s s i b l y  even FFA l e v e l s  in  a t y p e  o f  
f e e d b a c k  c o n t r o l .
The im porta nce  o f  an i n c r e a s e  in  FFA a f t e r  c i g a r e t t e  
smoking c o u l d  l i e  in  two d i r e c t i o n s .  T hese  would i n c l u d e  t h e  
l o n g  term i n c r e a s e d  d ev e lo p m en t  o f  atheroma l e a d i n g  t o  an i n c r e a s e d  
i n c i d e n c e  o f  m y o c a r d ia l  i n f a r c t i o n .  T h is  might  be r e f l e c t e d  in  
h i g h e r  l i p i d  l e v e l s  in  smokers as  compared t o  n o n - s m o k e r s .  There  
c o u l d  a l s o  be a c u t e  e f f e c t s  o f  c i g a r e t t e  smoking in  c a u s i n g  r e l e a s e  
o f  c a t e c h o l a m i n e s  and r i s e  in  FFA. I t  has been s u g g e s t e d  t h a t  such  
e v e n t s  ar e  l i k e l y  t o  be a s s o c i a t e d  with ,  and perh ap s r e s p o n s i b l e  f o r ,  
t h e  deve lop m en t  o f  major c a r d i a c  d y s r h y t h m i a s .
METABOLIC ROLE OF GLYCEROL
Ad ipos e  t i s s u e ,  once r e g a rd ed  as  m e t a b o l i c a l l y  i n e r t ,  i s
now r e c o g n i s e d  t o  c o n t a i n  a w ide  range  o f  enzymes c a t a l y s i n g
many s y n t h e t i c  and d e g r a d a t i v e  p r o c e s s e s .  Moreover,  t h e s e
e n z y m a t i c  a c t i v i t i e s  ar e  h i g h ,  in d ee d  com parable  in  many
i n s t a n c e s  t o  l e v e l s  o f  enzyme a c t i v i t y  found in  t h e  l i v e r
when c o n s i d e r e d  in  r e l a t i o n  t o  t h e  p r o t o p l a s m i c  c o n t e n t  o f
a d i p o s e  t i s s u e .
The o n l y  method f o r  breakdown o f  t r i g l y c e r i d e s  in
a d i p o s e  t i s s u e  t h a t  has  so f a r  been d e m o n s t r a t e d  i s  t h e
h y d r o l y t i c  c l e a v a g e  o f  t h e  e s t e r  bonds -  i . e .  l i p o l y s i s .
The r a t e  o f  r e l e a s e  o f  f r e e  g l y c e r o l  and FFA from g l y c e r i d e
co m p lex e s  i s  not  impaired  when i n t a c t  t i s s u e s  a r e  i n c u b a te d
a n a e r o b i c a l l y  or  in  t h e  p r e s e n c e  o f  f l u o r i d e  s u g g e s t i n g  t h a t
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g l y c e r i d e  d e g r a d a t i o n  does  not  r e q u i r e  e n e r g y  (Vaughan 1 9 6 2 ) ,
I t  i s  g r a d u a l l y  b e l i e v e d  t h a t  l i p o p r o t e i n  l i p a s e  i s  not  
i n v o l v e d  in  t h e  m o b i l i s a t i o n  o f  FFA and g l y c e r o l  from 
a d i p o s e  t i s s u e .  T h i s  enzyme f u n c t i o n s  in  t h e  t r a n s f e r  o f  
l i p i d  i n t o  a d i p o s e  t i s s u e  from c i r c u l a t i n g  l i p o p r o t e i n s ,
L i p o l y s i s ,  on t h e  o t h e r  hand,  i s  a f f e c t e d  by means o f  hormone 
s e n s i t i v e  l i p a s e  a c t i v i t y .  In h o m o g e n a te s ,  t h e  l e v e l  o f  t h i s  
enzyme c o r r e l a t e s  d i r e c t l y  w i t h  o b s e r v e d  ch a n g es  in g l y c e r o l  
p r o d u c t i o n  in  i n t a c t  t i s s u e s .  The r a t e  o f  p r o d u c t i o n  o f  g l y c e r o l  
i s  i n c r e a s e d  when i n t a c t  a d i p o s e  t i s s u e  i s  i n c u b a t e d  w i t h  one  
o f  t h e  f a t  m o b i l i s i n g  hormones which i n c l u d e  a d r e n a l i n e ,  n o r a d r e n a l i n e ,  
a d r e n o c o r t i c o t r o p h i c  hormone (ACTH) and t h y r o i d  s t i m u l a t i n g  
hormone (TSH).
( 4 2 )
TRIGLYCERIDE SYNTHESIS
Under p h y s i o l o g i c a l  c o n d i t i o n s ,  g l y c e r o l  seems t o  have
l i t t l e  part  t o  p la y  in  t h i s  p r o c e s s .  Some s t u d i e s ,  however,
u s i n g  h igh  c o n c e n t r a t i o n s  o f  s u b s t r a t e  have s u g g e s t e d  a l t e r n a t e
p a th s  f o r  t h e  f o r m a t i o n  o f  <x( g l y c e r o p h o s p h a t e .  The pathway
o f  t r i g l y c e r i d e  s y n t h e s i s  has been i n v e s t i g a t e d  by measur in g
t h e  i n c o r p o r a t i o n  o f  i s o t o p i c a l l y  l a b e l l e d  f a t t y  a c i d s  or
<  g l y c e r o p h o s p h a t e  i n t o  g l y c e r i d e  in  homogenates  o f  r a t
e p i d i d y m a l  a d i p o s e  t i s s u e .  The f o l l o w i n g  pathways have been
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s u g g e s t e d  (Vaughan and S t e i n b e r g  1 % 5 ) .
1 .  F a t t y  \ c i d  + CoA + ATP )  F a t t y  Acyl CoA + AMP + PP
2 .  2 F a t t y  Acyl CoA + GP----------------- )  P h o s p h a t i d i c  Acid + 2 CoA
3 .  P h o s p h a t i d i c  A c i d ------------------------- )  D i g l y c e r i d e  + P hosphate
4 .  D i g l y c e r i d e  + F a t t y  Acyl CoA—)  T r i g l y c e r i d e  + CoA
G l y c e r o l  cannot  r e p l a c e  g l y c e r o p h o s p h a t e  in  r e a c t i o n  ( 2 )  
a l t h o u g h  i t  has been p o s s i b l e  t o  d e m o n s t r a t e  some e s t e r  
f o r m a t i o n  when m i l l i m o l a r  amounts o f  g l y c e r o l  a re  added.
G l y c o g e n ,  g l u c o s e - l - P  or  g l u c o s e  do not  s u pp o r t  e s t e r i f i c a t i o n  
in  t h e  a b s e n c e  o f  g l y c e r o p h o s p h a t e  and g l y c e r o l  does  not  
r e p l a c e  c<. g l y c e r o p h o s p h a t e  in  t h i s  s y s t e m .  I t  was found,  
how ever,  t h a t  about  0 . 1% o f  a t r a c e r  amount o f  1 . 3 C ^  g l y c e r o l  
was i n c o r p o r a t e d  i n t o  g l y c e r i d e  g l y c e r o l .  In o t h e r  s t u d i e s ,  
s y n t h e s i s  o f  g l y c e r o p h o s p h a t e  was found from g l y c e r o l  by 
t r a n s p h o r y l a t i o n  in  a s y s te m  c o n t a i n i n g  p h e n y l p h o s p h a t e ,  g l y c e r o l  
and magnesium c h l o r i d e .  Although t h e s e  s t u d i e s  d e m o n s t r a t e
(.AV
a l t e r n a t e  pathways o f  <  g l y c e r o p h o s p h a t e  g e n e r a t i o n  h igh  
c o n c e n t r a t i o n s  o f  s u b s t r a t e  were used and t h e i r  p h y s i o l o g i c a l  
s i g n i f i c a n c e  i s  b e l i e v e d  t o  be d u b i o u s .
GLYCEROL, RELEASE FOLLOWING LIPOLYSIS
The g l y c e r o l  which i s  r e l e a s e d  from a d i p o s e  t i s s u e  d u r in g
l i p o l y s i s  i s  a major en dogenous  p r e c u r s o r  o f  newly formed  
g l u c o s e .  A f t e r  p h o s p h o r y l a t i o n  in  t h e  l i v e r  o v e r  70% 
o f  t h e  t r i o s e p h o s p h a t e  i s  c o n v e r t e d  t o  g l u c o s e  and g l y c o g e n ,
5% a p p r o x im a t e l y  i s  o x i d i s e d  t o  carbon  d i o x i d e  and around 3% 
i s  a c c o u n te d  f o r  by l a c t a t e  p r o d u c t i o n .  The r a t e  o f  u se  o f  
g l y c e r o l  r e f l e c t s  t h e  e f f i c i e n c y  o f  t h e  g l u c o n e o g e n i c  pa th w a y s .  
G l y c e r o l  may have an a n t i - k e t o t i c  e f f e c t  in  v i v o  by s u p p l y i n g
c a r b o h y d r a t e  n e c e s s a r y  f o r  t h e  o x i d a t i o n  o f  a c e t a t e  by t h e  Krebs
c y c l e .  I t  can a p p a r e n t l y  s u p p l y  t h o s e  c a r b o h y d r a t e  i n t e r m e d i a t e s  
n e c e s s a r y  f o r  t h e  normal f u n c t i o n i n g  o f  t h e  Krebs c y c l e .
4  f
Glyco gen
T Amylo-1 , 6 - G l u c o s i d a s e
^  G l u c o s e
G l u c o s e - l - P
G l u c o s e - 6 - P h o s p h a t a s e
G l u c o s e - 6 -P ^  G l u c o s e
F r u c t o s e - 6 -P
P h o s p h o f r u c t o k i n a s e F r u c t o s e - 1 t 6 - P h o s p h a t a s e
F r u c t o s e - 1 , 6 - D i p h o s p h a t e$G l y c e r o l ^  T r i o s e p h o s p h a t e s  ^--------------F r u c t o s e
Phos phoenol  P y r u v a t e <  O x a l a c e t a t e
L a c t a t e  ^ P y r u v a t e  --------------- ^ Malate
M e t a b o l i c  pathways o f  g l y c e r o l  ( S e n i o r  and Lori dan  19 68)
\ c e t y l  CoA
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( 4 4 )
C a r l s o n  and Oro ( 1 9 6 3 )  s t u d i e d  t h e  r e l a t i o n s h i p  between  
t h e  c o n c e n t r a t i o n  o f  plasma FFA and g l y c e r o l .  They found a 
s i g n i f i c a n t  c o r r e l a t i o n  between t h e  f a s t i n g  l e v e l s  o f  FFA and 
g l y c e r o l .  N o r a d r e n a l i n e  a d m i n i s t r a t i o n  i n c r e a s e d  and g l u c o s e  
a d m i n i s t r a t i o n  d e c r e a s e d  both FFA and g l y c e r o l .  They c o n s i d e r e d  
t h a t  t h e i r  da ta  showed a c l o s e  r e l a t i o n s h i p  under v a r i o u s  
c o n d i t i o n s  between FFA and g l y c e r o l  in  k e e p i n g  w i t h  t h e  h y p o t h e s i s  
t h a t  t h e y  were both d e r i v e d  from l i p o l y s i s  o f  t r i g l y c e r i d e  
in  a d i p o s e  t i s s u e ,
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T i b b l i n g  ( 1 9 6 9 )  s u g g e s t e d  t h a t  s t u d i e s  o f  g l y c e r o l  
t u r n o v e r  might  be a b e t t e r  in d e x  o f  f a t  m e ta b o l i s m  than  
measurements  o f  FFA c o n c e n t r a t i o n .  He used two methods t o  
s tu d y  g l y c e r o l  k i n e t i c s .  These  were  ( 1 )  t h e  c o n t i n u o u s  i n f u s i o n  
method and ( 2 ) t h e  r a t e  o f  d i s a p p e a r a n c e  o f  g l y c e r o l  a f t e r  
a d m i n i s t r a t i o n  as  a s i n g l e  i n t r a v e n o u s  i n j e c t i o n .  Comparable  
r e s u l t s  were o b t a i n e d  w i t h  each method.  His  main i n v e s t i g a t i o n s  
were done in e u t h y r o i d  and h y p e r t h y r o i d  s u b j e c t s .  The mean 
f r a c t i t o n a l  t u r n o v e r  r a t e  o f  g l y c e r o l  in  h y p e r t h y r o i d  s u b j e c t s  
was i n c r e a s e d  by 15% compared t o  e u t h y r o i d  s u b j e c t s ,  s u g g e s t i n g  
a s l i g h t  e f f e c t  o f  h y p e r t h y r o i d i s m  on t h e  f r a c t i o n  o f  g l y c e r o l  
e l i m i n a t e d .  The mean b lo o d  g l y c e r o l ,  however,  was i n c r e a s e d  by 
210% and t h e  mean g l y c e r o l  t u r n o v e r  r a t e  by 230%, f i n d i n g s  
c o n s i s t e n t  w i th  a marked i n c r e a s e  o f  f a t  m e t a b o l i s m  in  
h y p e r t h y r o i d i s m .
There i s  some v a r i a t i o n  in t h e  d i s a p p e a r a n c e  r a t e s  o f
1 1 2
g l y c e r o l  r e p o r t e d  in  human s t u d i e s .  S e n i o r  and Lorid an  (1 9 6 8 )
( 4 5 )
a d m i n i s t e r e d  g l y c e r o l  i n t r a v e n o u s l y  as  a 10?o s o l u t i o n  in
i s o t o n i c  s a l i n e  in  a d o s e  of 120  mm p er  s q ua re  metre  o f  body
s u r f a c e  a r e a .  N ine  a d u l t s  and 13 c h i l d r e n  were s t u d i e d .  The
mean g l y c e r o l  V'-> was 3 9 , 3  + 4 . 3  m i n u t e s .  The v a l u e s  c o u l d  be
123e x p r e s s e d  as  a s i n g l e  e x p o n e n t i a l .  T i b b l i n g  ( 1 9 6 9 )  * s t u d i e d  
g l y c e r o l  d i s a p p e a r a n c e  a f t e r  a s i n g l e  i n j e c t i o n  o f  i n t r a v e n o u s  
g l y c e r o l  in  f o u r  e u t h y r o i d  men. The meausred h a l f  t im e s  were  
1 7 . 2 ,  1 7 , 3 ,  1 8 . 4  and 2 3 . 4  m i n u t e s .  T hese  c o r res p o n d e d  w e l l  w i t h  
measurements  made in t h e  same i n d i v i d u a l s  u s i n g  t h e  c o n t i n u o u s  
i n f u s i o n  method.  Pe lkonen  and h i s  a s s o c i a t e s  ( 1 9 6 7 ) * ^  found t h a t  
VA o f  g l y c e r o l  ranged between  1 0 , 7  -  1 2 . 3  m i n u t e s .  T h e i r  r e s u l t s  
were c a l c u l a t e d  on t h e  b a s i s  o f  v e r y  r a p i d  m ix in g  in  t h e  g l y c e r o l  
d i s t r i b u t i o n  phase  w i th  dynamic e q u i l i b r i u m  o c c u r r i n g  around  
t e n  m in u t e s  a f t e r  i n j e c t i o n .  On t h e  o t h e r  hand T i b b l i n g  f e l t  
t h a t  e q u i l i b r i u m  was not  r e a ch ed  u n t i l  t w e n t y  m in u t e s  or so 
a f t e r  i n j e c t i o n .  He f e l t  t h a t  d i f f e r e n c e s  in  d i s a p p e a r a n c e  r a t e s  
c o u l d  be r e l a t e d  t o  t h e  measurement o f  d i f f e r e n t  s e c t i o n s  o f  t h e  
c u r v e .  He d id  a g r e e  t h a t  t h e  dat a c o u l d  be r e p r e s e n t e d  by a 
s t r a i g h t  l i n e  s e m i - l o g a r i t h m i c  p l o t ,  im p l y in g  a f i r s t  o r d e r  r e a c t i o n .
O v e r a l l  i t  seemed p o s s i b l e  t h a t  a s t u d y  o f  g l y c e r o l  k i n e t i c s  
would be o f  i n t e r e s t  in  t h e  c o n t e x t  o f  c o r o n a r y  h e a r t  d i s e a s e  and 
c i g a r e t t e  smoking .  P r e v i o u s  work has m a in ly  d e a l t  w i t h  FFA 
m o b i l i s a t i o n  a f t e r  c i g a r e t t e  smoking r a t h e r  than on t h e  f a t e  o f  
g l y c e r o l  r e l e a s e d  d u r in g  l i p o l y s i s .
( 4 6 )
EFFECT OF CIG1RETTE SMOKING ON BLOOD LIPID LEVELS
Most o f  t h e  work done in  man has  been i n  r e l a t i o n  t o
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c h o l e s t e r o l  l e v e l s .  Howell  ( 1 9 7 0 )  in  a s tu d y  o f  2483 males  
aged 40-51  y e a r s  showed no s i g n i f i c a n t  v a r i a t i o n  in  e i t h e r  
c h o l e s t e r o l  or  b e t a - l i p o p r o t e i n  l e v e l s  ( c r u d e l y  measured )  in
heavy smokers ,  non-smokers  and e x - s m o k e r s ,  In t h e  C a r t e r t o n
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Stu dy  (Evan s,  P r i o r  and Cooke 1 9 6 9 )  t h e  serum c h o l e s t e r o l  v a l u e s  
o f  a sample o f  town d w e l l i n g  New Z e a l a n d e r s  o f  European s t o c k  
were p r e s e n t e d .  Smoking h a b i t s  were graded on a 9 c a t e g o r y
s c a l e .  No r e l a t i o n s h i p  was found be tween  smoking and c h o l e s t e r o l
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l e v e l s .  Kontinnen ( 1 9 6 2 )  measured t h e  t o t a l  serum c h o l e s t e r o l  
and c h o l e s t e r o l  c o n t e n t  o f  t h e  a l p h a -  and b e t a - l i p o p r o t e i n  
f r a c t i o n s  and serum p h o s p h o l i p i d s  i n  314 h e a l t h y  young men 
aged from 1 8-2 5  y e a r s .  He found no d i f f e r e n c e  r e l a t i n g  t o   ^
smoking h a b i t s  in  any o f  t h e  v a r i a b l e s  m easured .  Leren ( 1 9 7 0 ) ,  
in  h i s  r e p o r t  on t h e  O s lo  d i e t - h e a r t  s t u d y  a l s o  found no
r e l a t i o n s h i p  between smoking and c h o l e s t e r o l  l e v e l s .  Wahl and
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S c h l e t t l e r  ( 1 9 6 8 )  found no r e c o g n i s a b l e  d i f f e r e n c e s  in  t h e  
c h o l e s t e r o l  l e v e l s  o f  smokers and non-sm okers :  nor was t h e r e
any e v i d e n c e  t h a t  t r i g l y c e r i d e  l e v e l s  were i n f l u e n c e d  by c i g a r e t t e
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smoking .  In deed ,  Kontinnen and R a j a s a l n i  ( 1 9 6 3 )  found t h a t  a f t e r
c i g a r e t t e  smoking t h e r e  was a d e c r e a s e  in  t h e  normal  p o s t - p r a n d i a l
r i s e  in  serum t r i g l y c e r i d e s .  T h i s  was a t t r i b u t e d  (on no good
e v i d e n c e )  t o  s y m p a t h e t i c  nervous  s y s t e m  s t i m u l a t i o n .  C o n tr a r y
r e s u l t s  were r e p o r t e d  by Karvonen,  Orma, Keys ,  F idanza  and Brozek  
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( 1 9 5 9 )  who found h i g h e r  than a v e r a g e  serum c h o l e s t e r o l  l e v e l s  in  
a l l  a g es  ( o t h e r  than 5 0 - 5 9 )  f o r  t h o s e  who smoked compared t o  t h o s e  
who d id  n o t .  For exam ple ,  smokers  aged 4 0 - 4 9  y e a r s  had a mean
( 4 7 )
c h o l e s t e r o l  l e v e l  o f  244 mg/ 1 0 0  ml compared to  t h e  non-sm oke rs  
v a l u e  o f  220  mg/ 1 0 0  ml .
The e f f e c t  o f  c i g a r e t t e  smoking on b lo o d  l i p i d  l e v e l s  was 
i n v e s t i g a t e d  d u r in g  a s tu d y  o f  t h e  p r e v a l e n c e  o f  l i p o p r o t e i n
a b n o r m a l i t i e s  in  t h e  West o f  S c o t l a n d  (L o r im er ,  Cox, G r ea v e s ,
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Jubb,  Hawthorne,  Morgan and Lawrie  1 9 7 4 ) .  The sample  c o n s i s t e d  
o f  a p p a r e n t l y  h e a l t h y  men, e i t h e r  s e l f - e m p l o y e d  or  on t h e  s t a f f  
o f  p r o f e s s i o n a l  or  i n d u s t r i a l  g r o u p s .  The s u r v e y  co m prised  
4477 men ( r e s p o n s e  r a t e  7 7 9 0 ) .  There  were 2346  (52.3%) non-manual  
and 2131 (47.7%) manual w o r k e r s .  B e f o r e  a t t e n d i n g  t h e  s c r e e n i n g  
u n i t ,  each s u b j e c t  was asked  t o  c o m p l e t e  a q u e s t i o n n a i r e  c o n t a i n i n g
s t a n d a r d i s e d  q u e s t i o n s  on h i s t o r y  o f  c h e s t  pa in  (Rose  and
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Blackburn 19 68 a)  and smoking h a b i t s .  H e i g h t ,  w e i g h t ,  b lo od
107
p r e s s u r e  (Rose  and Black burn  1968b)  a 6 l ea d  e l e c t r o c a r d i o g r a m  
(3  s ta n d a rd  and 3 u n i p o l a r  l imb l e a d s )  and c h e s t  r a d io g ra p h  were  
r e c o r d e d .
Venous b l o o d ,  10 ml ,  was drawn from s u b j e c t s  who had been  
asked t o  f a s t  f o r  a t  l e a s t  9 hours  b e f o r e  s a m p l in g .  Plasma was 
s e p a r a t e d  and, when n e c e s s a r y ,  s t o r e d  a t  4°C,  Plasma t o t a l
c h o l e s t e r o l  and t r i g l y c e r i d e s  were measured by a u t o - a n a l y s e r
3 63
t e c h n i q u e s  (Annan and Isherwood 1969; K e s s l e r  and L ed e re r  1 9 6 6 ) .
Plasma l i p o p r o t e i n  e l e c t r o p h o r e s i s  was c a r r i e d  ou t  on each sample
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u s i n g  a lb u m in a ted  b a r b i t o n e  b u f f e r  (L ees  and Hatch 1 9 6 3 ) .  S u b j e c t s  
who had p r o b a b l e  p o s t - p r a n d i a l  h y p e r t r i g l y c e r i d a e m i a  on t h e  b a s i s  
o f  c h y l o m i c r o n s  d e t e c t e d  on t h e  e l e c t r o p h o r e t o g r a m  were r e i n s t r u c t e d
about  t h e  need f o r  f a s t i n g  and s a m p l in g  was r e p e a t e d ,
The f o l l o w i n g  a r b i t r a r y  d e f i n i t i o n s  were used in  t h e  
c l a s s i f i c a t i o n  o f  s u b j e c t s  s t u d i e d .  C i g a r e t t e  smoking -  5 or  
more c i g a r e t t e s  d a i l y .  O b e s i t y  -  more than 10% above p r e d i c t e d  
i d e a l  w e i g h t .  H y p e r t e n s i o n  -  s y s t o l i c  b lo o d  p r e s s u r e  o f  more 
than 170 mmHg a n d /o r  d i a s t o l i c  p r e s s u r e  more than 100 mmHg. 
E l e c t r o c a r d i o g r a p h i c  a b n o r m a l i t i e s  were t h o s e  summarised as  
c a t e g o r i e s  T and I I  i n  t h e  Minneso ta  co d e  and r e l a t e d  m a in ly  
t o  Q w a v e s ,  ST d e p r e s s i o n  and T wave i n v e r s i o n .  A h i s t o r y  o f  
p o s s i b l e  an g in a  was o b t a i n e d  from t h e  q u e s t i o n n a i r e .
With t h e s e  c r i t e r i a ,  t h e  c l a s s i f i c a t i o n  was as f o l l o w s ,
TABLE I HEALTH SURVEY IN WEST OF SCOTLAND MEN
CLASSIFICATION PERCENTAGE
NORMAL 2 9 . 5
CIGARETTE SMOKING 5 9 , 0
OBESE 2 8 , 0
HYPERTENSIVE 7 . 4
ABNORMAL ELECTROCARDIOGRAM 4 . 9
POSSIBLE ANGINA 5 . 0
One th ousand  t h r e e  hundred and e i g h t  s u b j e c t s  had no 
ap paren t  a b n o r m a l i t y  and were re g a rd ed  as t h e  "normal" gro up ,
A s i m i l a r  number ( a g a i n  13 08)  o f  s u b j e c t s  smoked c i g a r e t t e s  but  
had no o t h e r  a b n o r m a l i t y  and were r e g a rd ed  as  t h e  "normal a part  
from c i g a r e t t e  smoking" g ro u p .  T h i s  i s  o f  c o u r s e  not  t h e  t o t a l
number smoking s i n c e  many w i t h  an a b n o r m a l i t y  such as  h y p e r t e n s i o n  
or  o b e s i t y  were a l s o  c i g a r e t t e  smoker s ,
The compar ison o f  f a s t i n g  l i p i d  v a l u e s  in  t h e  two gro ups  
( T a b l e s  2A and B) showed t h a t  in  g e n e r a l  plasma c h o l e s t e r o l  
v a l u e s  te nd  t o  be s l i g h t l y  low er  in  t h e  s u b j e c t s  smoking more 
than 5 c i g a r e t t e s  d a i l y .  There i s  no t e n d e n c y  f o r  them t o  have  
h y p e r c h o l e s t e r o l a e m i a . F a s t i n g  t r i g l y c e r i d e  v a l u e s  a r e  o v e r a l l  
s l i g h t l y  h i g h e r  in  t h e  s u b j e c t s  who smoke.  Both grou ps  a re  w i t h i n  
normal  w e ig h t  range so t h a t  t h i s  i s  not  an e f f e c t  o f  o b e s i t y .
In an e x p e r i m e n t a l  s tu d y  (Kershbaum, B e l l e t  and Khorsandian
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1 9 6 5 )  t h e  e f f e c t  o f  n i c o t i n e  on c h o l e s t e r o l  l e v e l s  ivas 
i n v e s t i g a t e d .  Twenty dogs  were g i v e n  i n t r a m u s c u l a r  n i c o t i n e  
( 0 . 5  mg/kg)  d a i l y  f o r  4 weeks  th en  1 . 0  mg/kg d a i l y  f o r  2 w e e k s .
T h i s  d o s e  i s  5 0 0 - 1 0 0 0  t im e s  more than t h a t  absorb ed  by a heavy  
smoker o v e r  a comparable  t im e  i n t e r v a l .  The mean serum c h o l e s t e r o l  
l e v e l  r o s e  from 144 + 1 1 . 8  mg/100 ml t o  216 + 1 5 . 3  mg/100  ml 
(P <C.05).  The r i s e  in  c h o l e s t e r o l  was m a i n t a i n e d  u n t i l  t h e  
a d m i n i s t r a t i o n  o f  n i c o t i n e  was s t o p p e d .  The r e l e v a n c e  o f  t h i s  
s t u d y  t o  human c i g a r e t t e  smoking i s  a t  b e s t  u n c e r t a i n .  O v e r a l l  
i t  was f e l t  t h a t  t h e s e  ch a n g es  c o u ld  be due t o  a n i c o t i n e  induced  
r i s e  in  FFA. T r i g l y c e r i d e  l e v e l s  were not  measured in  t h i s  s t u d y .
O v e r a l l ,  t h e r e f o r e ,  i t  would ap pear t h a t  t h e r e  i s  no 
c o n v i n c i n g  e v i d e n c e  in  man t o  s u g g e s t  t h a t  c i g a r e t t e  smoking l e a d s  
t o  a c o n s i s t e n t  r i s e  in  c h o l e s t e r o l  l e v e l s .  The same may be t r u e  
f o r  t r i g l y c e r i d e  l e v e l s  though t h i s  i s  l e s s  w e l l  e s t a b l i s h e d .  
P a t h o l o g i c a l  e v i d e n c e  a l r e a d y  c i t e d  d o es  s u g g e s t  an i n c r e a s e  in
\ m j j
TABLE 2 A
FASTING PLASMA CHOLESTEROL VALUES IN "NORMAL" SUBJECTS AND
IN THOSE WITH SMOKING AS THE SINGLE ABNORMALITY
"NORMAL" CIGARETTE SMOKERS
AGE NO. MEAN S . D . NO. MEAN S .D .
<  39 230 216 39 192 210 40
4 0 - 4 4 362 227 30 322 225 30
4 5 - 4 9 279 233 39 333 225 40
5 0 - 5 4 247 234 30 266 227 39
5 5 - 5 9 160 232 40 103 222 37
60 22 246 40 12 240 51
TOTAL 1300 229 39 1300 224 39
TABLE 2B
FASTING PLASMA TRIGLYCERIDE VALUES IN "NORMAL" SUBJECTS AND 
IN THOSE WITH SMOKING AS THE SINGLE ABNORMALITY
AGE
"NORMAL" 





<  39 239 102 77 191 113 65
4 0 - 4 4 360 111 63 322 123 79
4 5 - 4 9 279 109 51 333 120 66
5 0 - 5 4 246 105 40 266 123 95
5 5 - 5 9 159 104 44 179 110 71
60 22 93 30 12 97 33
TOTAL 1305 107 59 1303 110 76
a o r t i c  and co r o n a r y  atheroma in c i g a r e t t e  smokers and i t  may 
be t h a t  more s u b t l e  m e t a b o l i c  ch a n g e s  a re  induced  by c i g a r e t t e  
smoking which are  s u b s e q u e n t l y  r e f l e c t e d  in  premature or  
a c c e l e r a t e d  a t h e r o s c l e r o s i s .  In a d d i t i o n ,  t r a n s i e n t  m e t a b o l i c  
a b n o r m a l i t i e s  c o u l d  be im porta nt  in  t h e  t r i g g e r i n g  o f  a CHD e v e n t .
RELATIONSHIP BETWEEN MYOCARDIAL INFARCTION, FREE FATTY 
ACIDS. CATECHOLAMINES AND DYSRHYTHMIAS
U sing t h e  c o n c e n t r a t i o n s  o f  u r i n a r y  f r e e  a d r e n a l i n e  and 
n o r a d r e n a l i n e  as i n d i c e s  o f  a d r e n e r g i c  d r i v e  a p i c t u r e  has  been  
b u i l t  up o f  t h e  r e l a t i o n s h i p  be tween  c l i n i c a l  syndromes,  
haemodynamic ch an ges  and a d r e n e r g i c  a c t i v i t y  a f t e r  m yoc ard ia l  
i n f a r c t i o n .  Those w i t h  t h e  most s e v e r e  c l i n i c a l  i l l n e s s  
ap pear  t o  have t h e  h i g h e s t  c a t e c h o l a m i n e  e x c r e t i o n  v a l u e s .
I n s o f a r  as  d y s r h y t h m ia s  a re  co n ce rn ed  i t  i s  d i f f i c u l t  t o  d e c i d e
on t h e  r e l a t i o n s h i p .  McDonald, Bak er ,  Bray,  McDonald and
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R e s t i e a u x  ( 1 9 6 9 )  r e c o r d e d  h i g h e r  plasma n o r a d r e n a l i n e  v a l u e s  in  
p o s t  i n f a r c t i o n  p a t i e n t s  than  o c c u r r e d  in  normal c o n t r o l s .  Compared 
w i t h  p a t i e n t s  who had no c o m p l i c a t i o n s ,  p a t i e n t s  w i t h  a t r i a l  
d y s r h y t h m i a s  or  e a r l y  v e n t r i c u l a r  d y s r h y t h m i a s  had h i g h e r  plasma  
n o r a d r e n a l i n e  l e v e l s  a l t h o u g h  t h i s  was not  found in  p a t i e n t s  whose  
v e n t r i c u l a r  d y s r h y th m ia s  o c c u r r e d  l a t e r  in  t h e i r  i l l n e s s .  F u r t h e r  
a s p e c t s  o f  a p o s s i b l e  r e l a t i o n s h i p  were d i s c u s s e d  in  t h e  L a nc e t  (1 96  
I t  was s t a t e d  t h a t  a c o r r e l a t i o n  b etw een  c a t e c h o l a m i n e s  and p r e s e n c e  
or  a b s e n c e  o f  d y s r h y th m ia s  can be o n l y  t e n t a t i v e l y  a c c e p t e d  s i n c e  
plasma c a t e c h o l a m i n e  c o n c e n t r a t i o n  i s  o n l y  one component o f
( 5 2 )
neurohumoral  s y m p a t h e t i c  d r i v e .  F u rth er m ore ,  i n c r e a s e d  
c a t e c h o l a m i n e  e x c r e t i o n  i s  more o b v io u s  in  s e r i o u s l y  i l l  p a t i e n t s  
who o f t e n  have c i r c u l a t o r y  f a i l u r e  so  t h a t  t h e y  may have a more 
s e v e r e  i n f a r c t i o n  and be more l i a b l e  t o  rhythm d i s t u r b a n c e s ,
The re  may be both b i o l o g i c a l  a d v a n t a g e s  and d i s a d v a n t a g e s  t o  
a d r e n e r g i c  d r i v e .  Thus in many p a t i e n t s  w i t h  c i r c u l a t o r y  f a i l u r e ,  
m a in t en a n c e  o f  m y o c a r d ia l  c o n t r a c t i l i t y  and b lo o d  p r e s s u r e  by 
c a t e c h o l a m i n e s  i s  n e c e s s a r y  f o r  s u r v i v a l  a l t h o u g h  on t h e  o t h e r  
hand c a t e c h o l a m i n e s  have been shown t o  be c a p a b l e  o f  p ro d u c in g  
m y o c a r d ia l  n e c r o s i s .  A f t e r  e x p e r i m e n t a l  co r o n a r y  o c c l u s i o n ,  
c a t e c h o l a m i n e s  are  d i s c h a r g e d  from t h e  i s c h a e m i c  myocardium 
a l t h o u g h  i t  i s  u n l i k e l y  t h a t  t h i s  a c c o u n t s  f o r  much o f  t h e  r i s e  
r e p o r t e d  a f t e r  i n f a r c t i o n .  A g e n e r a l i s e d  l e a k  o f  n o r a d r e n a l i n e  
from s y m p a t h e t i c  n e rv e  e n d in g s  and a d r e n a l  m e d u l l a r y  d i s c h a r g e  o f  
a d r e n a l i n e  seems more l i k e l y .  There has  a l s o  been c o n s i d e r a b l e  
d i s c u s s i o n  as t o  t h e  r e l e v a n c e  o f  i n c r e a s e d  FFA t o  t h e  i s c h a e m i c
h e a r t  and t o  t h e  p r o d u c t i o n  o f  d y s r h y th m ia s  (Kurien  and O l i v e r
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1966;  O l i v e r ,  Kurien and Greenwood 1968;  K ur ien ,  Y a te s  and
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O l i v e r  1969;  Kurien and O l i v e r  1 9 7 0 ) ;  O p i e ,  Thomas, Owen, N o r r i s ,
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H o l la n d  and Van Noorden 1971; N e l s o n  1970;  Gupta,  J e w i t t ,  Young,
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Hartog  and Opie  1 9 6 9 ) .
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O l i v e r ,  Kurien and Greenwood ( 1 9 6 8 ) ,  s t u d i e d  t h e  r e l a t i o n s h i p  
between  serum FFA, d y s r h y t h m ia s  and d e a th  f o l l o w i n g  a c u t e  m y o c a r d ia l  
i n f a r c t i o n .  S e r i a l  FFA measurements  were made in  200  p a t i e n t s  
d u r in g  t h e  f i r s t  48  hours  a f t e r  a c u t e  m y o c a r d ia l  i n f a r c t i o n .  Those  
w i t h  a s t r i k i n g  e l e v a t i o n  (^> 1 2 0 0  u e q / 1 ) had an i n c r e a s e d  
p r e v a l e n c e  o f  both s e r i o u s  d y s rh y th m ia s  and d i s o r d e r s  o f  c o n d u c t i o n ,
( 5 3 )
Both e a r l y  and l a t e  d e a t h s  were more f r e q u e n t  among t h e s e
p a t i e n t s  compared w i t h  t h o s e  who had s m a l l e r  i n c r e a s e s .  S i m i l a r
r e l a t i o n s h i p s  d id  not  occ ur  i n s o f a r  as  enzymes such as  a l a n i n e
and a s p a r t a t e  t r a n s f e r a s e  were c o n c e r n e d .  These  a u th o r s  s u g g e s t e d
t h a t  t h e  r e l a t i o n s h i p  between FFA l e v e l s  and d y s r h y t h m ia s  c o u ld
r e s u l t  from i n c r e a s e d  c a t e c h o l a m i n e  a c t i v i t y  or  i t  c o u l d  be due
d i r e c t l y  t o  an i n c r e a s e  in  m y o c a r d ia l  oxygen  co nsum pti on  ca u s ed
by t h e  u t i l i s a t i o n  o f  FFA as t h e  major e n e r g y  s u b s t r a t e .  E i t h e r  or
both  mechanisms would i n t e n s i f y  m y o c a r d ia l  h ypox ia  in  an a l r e a d y
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i s c h a e m i c  myocardium. Kurien ,  Y a te s  and O l i v e r  ( 1 9 6 9 )  d i s c u s s e d  
h e p a r i n ,  FFA and d y s r h y t h m ia s  d u r in g  e x p e r i m e n t a l  m y o c a r d ia l  
i n f a r c t i o n .  E l e v a t i o n  o f  plasma FFA was a c h i e v e d  through t h e  
a c t i v a t i o n  o f  l i p o p r o t e i n - l i p a s e  by h e p a r i n  and was a s s o c i a t e d  w i t h  
t h e  d eve lop m en t  o f  s e r i o u s  v e n t r i c u l a r  d y s r h y t h m i a s  in  dogs  w i t h  
a c u t e  m y o c a rd ia l  i n f a r c t i o n .  P r e t r e a t m e n t  w i th  p ro ta m in e  s u l p h a t e  
p r e v e n t e d  e l e v a t i o n  o f  FFA and t h i s  r e d u c t i o n  in  FFA l e v e l s  was 
a s s o c i a t e d  w i th  a d e c r e a s e  in  t h e  f r e q u e n c y  o f  v e n t r i c u l a r  
d y s r h y t h m i a s .  They s u g g e s t e d  t h a t  t h e i r  f i n d i n g s  were c o m p a t i b l e  
w i t h  t h e  h y p o t h e s i s  t h a t  h ig h  l e v e l s  o f  FFA c o u l d  by t h e m s e l v e s  
c a u s e  d y s r h y th m i a s  and t h a t  t h i s  r e l a t i o n s h i p  was n o t  n e c e s s a r i l y  
due t o  o t h e r  i n f l u e n c e s  r e s p o n s i b l e  f o r  t h e  m o b i l i s a t i o n  o f  FFA.
They commented t h a t  FFA are  i n c r e a s e d  a f t e r  a c u t e  m y o c a r d ia l  
i n f a r c t i o n  and t h a t  t h e y  had p r e v i o u s l y  shown t h a t  h igh  l e v e l s  o f  
FFA a r e  a s s o c i a t e d  w i t h  an i n c r e a s e d  i n c i d e n c e  o f  d y s r h y th m ic  d e a t h s .
W hil e  t h i s  r i s e  in  FFA i s  p r o b a b ly  due t o  i n c r e a s e d  c a t e c h o l a m i n e s
08
and p erhaps  a l s o  l i n k e d  t o  c o r t i s o l  (Logan and Murdoch 1 9 6 6 )  t h e s e
( 5 4 )
f a c t o r s  may not  be d i r e c t l y  r e s p o n s i b l e  f o r  t h e  d eve lop m en t
o f  d y s r h y t h m i a s .  I n c r e a s e d  c o n c e n t r a t i o n s  o f  FFA may t h e m s e l v e s
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damage c e l l s  (Hoak, Connor,  Warner 1 9 6 8 ) .  Kurien e t  a l  found  
t h a t  t h e r e  was a t i m e  l a g  o f  a few m in u t e s  between  maximum 
o b s e r v e d  FFA l e v e l  and peak i n c i d e n c e  o f  e c t o p i c  b e a t s  which  
c o u l d  i n d i c a t e  t h a t  a b s o l u t e  plasma FFA l e v e l s  are  n o t  im m e d i a t e l y  
r e s p o n s i b l e  f o r  t h e  i n d u c t i o n  o f  d y s r h y t h m i a s .  An i n t r a c e l l u l a r  
d e f e c t  (p erhap s  a c e l l  membrane a c t i o n )  c o u l d  l e a d  t o  a l t e r e d  
p e r m e a b i l i t y .  The a b i l i t y  o f  t h e  c e l l s  t o  d e a l  w i t h  unbound FFA 
by e s t e r i f i c a t i o n  o r  o x i d a t i o n  may be e x c e e d e d  when e x t r a c e l l u l a r  
c o n c e n t r a t i o n s  are  h ig h  and e l e c t r i c a l  a c t i v i t y  c o u l d  be im pai red  
by FFA c e l l u l a r  a c c u m u l a t i o n .
I t  sh o u ld  be p o i n t e d  out  th a t ,  a l t h o u g h  h i g h l y  s u g g e s t i v e ,  
t h e  e v i d e n c e  l i n k i n g  r a i s e d  c o n c e n t r a t i o n s  o f  FFA w i t h  d y s r h y t h m ia s  
has not  y e t  been c o n c l u s i v e l y  e s t a b l i s h e d  under a l l  c o n d i t i o n s .
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Thus O pie ,  Thomas, Owen, N o r r i s ,  H o l la n d  and Van Noorden ( 1 9 7 1 )  
d i s c u s s e d  t h e  f a i l u r e  o f  h ig h  c o n c e n t r a t i o n s  o f  c i r c u l a t i n g  FFA t o  
prov ok e d y s rh y th m ia s  f o l l o w i n g  e x p e r i m e n t a l  m y o c a r d ia l  i n f a r c t i o n .  
The p o s s i b l e  d y s rh y th m o g en ic  e f f e c t  o f  high plasma FFA l e v e l s  was 
s t u d i e d  in  30 dogs  w i t h  m y o c a r d ia l  i n f a r c t i o n  ind u ced  by o c c l u s i o n  
o f  t h e  a n t e r i o r  d e s c e n d i n g  co r o n a r y  a r t e r y .  In no an imal  was i t  
c l e a r  t h a t  high  plasma FFA c o n c e n t r a t i o n s  by t h e m s e l v e s  provoked or  
e x a g g e r a t e d  e c t o p i c  a c t i v i t y .  They b e l i e v e d  t h a t  t h e i r  r e s u l t s  
argued a g a i n s t  a major r o l e  f o r  h igh  plasma FFA c o n c e n t r a t i o n s  in  
t h e  g e n e s i s  o f  s e v e r e  d y s rh y t h m ia s  f o l l o w i n g  m y o c a r d ia l  i n f a r c t i o n .  
Opie and h i s  group r e q u i r e d  a d r e n a l i n e  i n f u s i o n  in  a d d i t i o n  t o  
marked FFA e l e v a t i o n  b e f o r e  t h e y  c o u l d  f i n d  any e v i d e n c e  o f  e c t o p i c
( 5 5 )
a c t i v i t y  a f t e r  t h e  c o m b in a t io n  o f  i n t r a l i p i d  and h e p a r i n .  There  
w e r e ,  however,  d i f f e r e n c e s  between t h e i r  s t u d y  and t h a t  o f  
K urien ,  Y a te s  and O l i v e r .  Thus Opie  s t u d i e d  gre yhounds  and used  
open c h e s t e d  t e c h n i q u e s  w i t h  l i g a t i o n  o f  a n t e r i o r  d e s c e n d i n g  
co r o n a r y  a r t e r y  wher eas  O l i v e r ’ s group s t u d i e d  m on gre ls  and used  
b a l l o o n  o c c l u s i o n  in c l o s e  c h e s t e d  a n im a l s  w i th  o c c l u s i o n  o f  t h e
c i r c u m f l e x  co r o n a r y  a r t e r y .
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N e ls o n  ( 1 9 7 0 )  s t u d i e d  t h e  e f f e c t s  o f  h e p a r i n  on FF\  and 
c a t e c h o l a m i n e s  and i n c i d e n c e  o f  d y s r h y t h m i a s  f o l l o w i n g  a c u t e  
m y o c a r d ia l  i n f a r c t i o n  in  man. H epar in ,  g i v e n  in  a t h e r a p e u t i c  
d o s e ,  produced a s i g n i f i c a n t  r i s e  in  FFA w i t h i n  10 m in u t e s  o f  
i n j e c t i o n  but  d id  not  i n c r e a s e  t h e  i n c i d e n c e  o f  d y s r h y t h m i a s ,
nor d id  h ep a r in  have any s i g n i f i c a n t  e f f e c t  on plasma c a t e c h o l a m i n e
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l e v e l s .  Gupta,  J e w i t t ,  Young,  Hartog and Opie  ( 1 9 6 9 )  a l s o  
i n v e s t i g a t e d  r a i s e d  FFA l e v e l s  and t h e i r  s i g n i f i c a n c e  in  p a t i e n t s  
w i t h  a c u t e  m y o c a r d ia l  i n f a r c t i o n .  Plasma FFA and u r i n a r y  
c a t e c h o l a m i n e  e x c r e t i o n  r a t e s  were measured in  35 p a t i e n t s  w i th  
a c u t e  m y o c a r d ia l  i n f a r c t i o n .  High i n i t i a l  plasma FFA v a l u e s  
O l O O O  u e q / 1 ) were a s s o c i a t e d  w i t h  i n c r e a s e d  e v i d e n c e  o f  s e r i o u s  
c a r d i a c  d y s r h y t h m i a s .  The e x c r e t i o n  o f  u r i n a r y  f r e e  a d r e n a l i n e  
c o r r e l a t e d  w i t h  f a s t i n g  plasma FFA l e v e l s  a l t h o u g h  t h i s  r e l a t i o n s h i p  
was not  found w i t h  u r i n a r y  f r e e  n o r a d r e n a l i n e .  They b e l i e v e d  t h a t  
t h e i r  s t u d y  had not  e s t a b l i s h e d  a d i r e c t  r o l e  f o r  high FFA v a l u e s  
in  t h e  p r o d u c t i o n  o f  c a r d i a c  d y s r h y t h m i a s  f o l l o w i n g  i n f a r c t i o n .
I t  may be t h a t  i n c r e a s e d  FFA uptake by t h e  i s c h a e m i c  myocardium 
i s  a f a c t o r  in  t h e  p r o d u c t i o n  o f  such d y s r h y t h m i a s  or  i t  may
e q u a l l y  w e l l  be t h a t  e l e v a t e d  FFA v a l u e s  r e f l e c t  some o t h e r  
a b n o r m a l i t y  such as  i n c r e a s e d  c a t e c h o l a m i n e  s e c r e t i o n  which c o u ld  
be t h e  more d i r e c t  c a u s e  o f  t h e  d y s r h y t h m i a .
Thus we have a s i t u a t i o n  in  which e p i d e m i o l o g i c a l  s t u d i e s  
s u g g e s t  t h a t  c i g a r e t t e  smokers have a h i g h e r  i n c i d e n c e  o f  
sudden d ea th  than  n o n - s m o k e r s .  There i s  work t o  s u g g e s t  t h a t  
e l e v a t e d  FFA l e v e l s  f o l l o w i n g  m y o c a r d ia l  i n f a r c t i o n  a re  a s s o c i a t e d  
w i t h  an i n c r e a s e d  i n c i d e n c e  o f  d y s r h y t h m i a s  and t h e  c i g a r e t t e
smoking c a u s e s  a r i s e  in  FF^. I t  may be t h a t  t h e s e  are  l i n k e d .
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B e l l e t ,  DeGuzman, K o s t i s ,  Roman and F le i s ch m a n n  ( 1 9 7 2 )  s t u d i e d  
t h e  e f f e c t  o f  i n h a l a t i o n  o f  c i g a r e t t e  smoke on v e n t r i c u l a r  
f i b r i l l a t i o n  t h r e s h o l d  in  normal dogs  and dogs  w i t h  an a c u t e  
m y o c a r d ia l  i n f a r c t i o n .  The e l e c t r i c a l  i m p u l s e s  were d e l i v e r e d  
th rough  t h e  c h e s t  w a l l  in  one group wher ea s  in  a n o t h e r  a g a te d  
s e r i e s  o f  i m p u l s e s  was d e l i v e r e d  d i r e c t l y  to  t h e  h e a r t  through  
p r e v i o u s l y  im p la n te d  e p i c a r d i a l  e l e c t r o d e s .  A d e c r e a s e  in  
v e n t r i c u l a r  t h r e s h o l d  t h a t  a v er a g ed  30-40% o f  c o n t r o l  v a l u e s  was 
o b s e r v e d  in  normal dogs  as  w e l l  as  in  t h o s e  w i th  e x p e r i m e n t a l  
m y o c a r d ia l  i n f a r c t i o n .  T h is  e f f e c t  o f  i n h a l a t i o n  o f  c i g a r e t t e  
smoke was e v i d e n t  30 m in ut es  a f t e r  smoking,  became maximum a t  
about  45 m in utes  and l a s t e d  about  9 0 - 1 2 0  m i n u t e s .  In dogs  w i th  
a c u t e  m y o c a r d ia l  i n f a r c t i o n  t h e  v e n t r i c u l a r  f i b r i l l a t i o n  t h r e s h o l d  
was low er  than in  normal  dogs  and was d e c r e a s e d  f u r t h e r  a f t e r  
i n h a l a t i o n  o f  c i g a r e t t e  smoke. As t h e  a u t h o r s  s t a t e ,  t h e s e  
f i n d i n g s  ar e  o f  i n t e r e s t  in  v i e w  o f  t h e  i n c r e a s e d  i n c i d e n c e  o f  
sudden d eath  among co r o n a r y  p a t i e n t s  who a r e  heavy c i g a r e t t e  smok er s .
CHAPTER TWO AIMS OF THE STUDY
From t h e  work c i t e d  in  t h e  i n t r o d u c t i o n  t h e r e  i s  e v i d e n c e  
t o  s u g g e s t  t h a t  t h o s e  who smoke c i g a r e t t e s  ar e  at  i n c r e a s e d  r i s k  
from CUD and i t s  c o m p l i c a t i o n s .  T h i s  r e l a t e s  both t o  sudden d eath  
and a l s o  t o  i n c r e a s e d  l i k e l i h o o d  o f  c a r d i a c  d y s rh y th m ia s  in  t h o s e  
s u b j e c t s  w i t h  e l e v a t e d  FFA l e v e l s .  T he se  l e v e l s  seem a l s o  t o  
be a s s o c i a t e d  w i th  e l e v a t e d  c a t e c h o l a m i n e  v a l u e s  which in  t h e m s e l v e s  
c o u l d  be h a rm f u l .  There  i s  c o n t r o v e r s y  o v e r  t h e  d i r e c t  r o l e  o f  
FFA as  a major f a c t o r  in  p r o d u c in g  d y s r h y t h m i a s .  I n s o f a r  as  
m y o c a r d ia l  i n f a r c t i o n  i s  c o n ce rn ed  t h e  f o l l o w i n g  scheme has been
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p o s t u l a t e d  (Kurien and O l i v e r  1 9 7 0 ) .
Ac ute  co r o n a r y  o c c l u s i o n
Pain  and a n x i e t y
S y m p a th e t i c  s t i m u l a t i o n
Hypoxia
I n c r e a s e d  l a c t a t e
E l e v a t e d  c a t e c h o l a m i n e s
T a ch y ca rd ia FFA i n c r e a s e d
Dysrhythmia
C i g a r e t t e  smoking has  been shown t o  produc e r i s e s  in  FFA v a l u e s  
p r o b a b l y  s eco nd a ry  t o  c a t e c h o l a m i n e  r e l e a s e  from s y m p a t h e t i c  n e r v e
( 5 8 )
e n d i n g s ,  a d r en a l  m edul la  or  c h r o m a f f i n  c e l l s  in  t h e  h e a r t .  I t  
has a l s o  been s u g g e s t e d  t h a t  s u b j e c t s  w i th  known p r e v i o u s  m y o c a rd ia l  
i n f a r c t i o n  respond t o  c i g a r e t t e  smoking w i t h  a g r e a t e r  than  normal  
i n c r e a s e  in  FFA v a l u e s .  T h i s  c o u l d  be harmful  t o  th e  myocardium,  
c o n d u c i v e  t o  t h e  devel op men t  o f  t a c h y d y s r h y t h m i a s  and a p r e d i s p o s i n g  
f a c t o r  t o  sudden d ea th  as w e l l  as  p erhaps  l e a d i n g  t o  i n c r e a s e d  
c o r o n a r y  a r t e r y  a t h e r o g e n e s i s .
I t  has a l s o  been r e p o r t e d  t h a t  t h e r e  ar e  c e r t a i n  s u b j e c t s  w i t h  
p e r i p h e r a l  v a s c u l a r  d i s e a s e  (PVD) who re spond  to  c i g a r e t t e  smoking  
w i t h  i n s u l i n  h y p e r s e c r e t i o n  -  a f a c t o r  which c o u l d  a l s o  be a s s o c i a t e d  
w i t h  i n c r e a s e d  a t h e r o g e n e s i s .  T h i s ,  however,  i s  a f a c t  not  in  k e e p i n g  
w i t h  e x p e r i m e n t a l  e v i d e n c e  showing t h a t  a d r e n a l i n e  lo w e r s  i n s u l i n  
l e v e l s  but which i s  more c o n s i s t e n t  w i t h  t h e  s u g g e s t i o n  t h a t  k e t o n e  
b o d i e s  produced by t h e  l i v e r  in  t h e  m e t a b o l i s m  o f  FFA, n i g h t  a c t  as  
s t i m u l a t o r s  o f  i n s u l i n  s e c r e t i o n .
Most work has been co n ce rn ed  w i t h  t h e  measurement o f  FFA l e v e l s  
i n  a v a r i e t y  o f  s i t u a t i o n s  b ased  on t h e  t h e o r y  o f  i n c r e a s e d  l i p o l y s i s  
o f  a d i p o s e  t i s s u e .  L i t t l e  has been r e p o r t e d  on p o s s i b l e  d i f f e r e n c e s  
i n  m e ta b o l i s m  o f  t h e  FFA and w h eth er  or  no t  s u b j e c t s  w i t h  d i f f e r i n g  
c l i n i c a l  c o n d i t i o n s  and d i f f e r e n t  l i p o p r o t e i n  t y p e s  re spond  in  s i m i l a r  
or d i f f e r e n t  ways t o  t h e  s t i m u l u s  o f  c i g a r e t t e  smoking .  G l y c e r o l  as  
w e l l  as  FFA i s  produced by l i p o l y s i s  and ch an ges  in  g l y c e r o l  m e ta b o l i s m  
f o l l o w i n g  c i g a r e t t e  smoking have not  been w e l l  documented .
I t  was ,  t h e r e f o r e ,  d e c i d e d  t o  u n d e r ta k e  a s e r i e s  o f  i n v e s t i g a t i o n s  
i n t o  t h e  e f f e c t  o f  smoking both normal n i c o t i n e  c o n t e n t  and low
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n i c o t i n e  content ,  c i g a r e t t e s  in normal  s u b j e c t s ,  s u b j e c t s  3 weeks  
and one y e a r  f o l l o w i n g  m y o c a r d ia l  i n f a r c t i o n ,  s u b j e c t s  w i t h  angina  
and s u b j e c t s  w i t h  c l i n i c a l  PVD t o  c o n t r a s t  and compare t h e  e f f e c t s  
on g l u c o s e ,  FFA k e t o n e  b o d i e s ,  c h o l e s t e r o l ,  t r i g l y c e r i d e  and i n s u l i n  
l e v e l s ,  \  f u r t h e r  s e r i e s  o f  i n v e s t i g a t i o n s  was a l s o  done i n t o  t h e  
p a t t e r n  o f  FFA r e l e a s e d  a f t e r  smoking in  normal  and CHD s u b j e c t s  
t o  s tu d y  t h e  r o l e  o f  i n d i v i d u a l  FFA, F i n a l l y  t h e  e f f e c t  o f  
c i g a r e t t e  smoking on g l y c e r o l  k i n e t i c s  was c a r r i e d  o u t  in  s u b j e c t s  
w i t h  PVD and in  normal c o n t r o l s .
( 6 0 )
CHAPTER TIIREE -  SUBJECTS AND METHODS
In n i l  s t u d i e s  s u b j e c t s  were f a s t e d  o v e r n i g h t  and were  
kept in  bed in  t h e  s e m i - s u p i n e  p o s i t i o n  on t h e  morning o f  t h e  
s t u d y .  An 18F gauge p l a s t i c  ca n n u la  ( A r g y l e  M e d ic u t )  was 
i n t r o d u c e d  i n t o  a median a n t e c u b i t a l  v e i n  f o l l o w i n g  su b c u t a n e o u s  
l o c a l  a n a e s t h e t i c  (29% l i g n o c a i n e ) .  The can n ula  was a t t a c h e d  to  
a 3 way ta p  and kept  p a t e n t  by t h e  s l o w  (1 m l /m in )  i n f u s i o n  o f  
normal s a l i n e .  The ca n n u la  was l e f t  in  s i t u  f o r  30 m in u t e s  b e f o r e  
samples  were o b t a i n e d ,  s i n c e  i n i t i a l  i n v e s t i g a t i o n s  had shown th a t  
t h e r e  was a t r a n s i t o r y  r i s e  in  FFA f o l l o w i n g  i n s e r t i o n  o f  t h e  
can n ula  but t h a t  a s t e a d y  s t a t e  was r e a ch ed  in  30 m i n u t e s .  Blood  
samples  were o b t a i n e d  as r e q u i r e d  from t h e  3 way t a p  o b v i a t i n g  t h e  
need f o r  f u r t h e r  v e n e p u n c t u r e .  Samples  were ta k en  i n t o  l i t h i u m  
h ep a r in  c o n t a i n e r s  f o r  measurement  o f  plasma FFA, c h o l e s t e r o l ,  
t r i g l y c e r i d e  and i n s u l i n ;  i n t o  f l u o r i d e  f o r  measurement o f  b lo o d  
g l u c o s e  and i n t o  i c e - c o l d  p e r c h l o r i c  a c i d  f o r  measurement o f  k e t o n e  
b o d i e s .
When a s s e s s i n g  t h e  e f f e c t s  o f  c i g a r e t t e  smoking,  t h e  f o l l o w i n g  
p r o t o c o l  was f o l l o w e d .
1 .  I n s e r t i o n  o f  c a n n u l a .
2 .  A f t e r  30 m in u t e s  b a s e  l i n e  sample  o b t a i n e d .
3 .  2 c i g a r e t t e s  smoked w i t h  10 m in u t e s  b e i n g  taken
f o r  each c i g a r e t t e ,  and w i t h  a 5 m in u t e s  i n t e r v a l  be tween  
c i g a r e t t e s .
4 .  Blood samples  o b t a i n e d  15,  3 0 ,  45 and 60 m in u te s  
a f t e r  smoking t h e  sec ond  c i g a r e t t e .
Each s u b j e c t  had t h e  p ro c e d u r e  e x p l a i n e d  t o  him and ga ve  c o n s e n t  
t o  t h e  i n v e s t i g a t i o n .
( 6 1 )
METHODS
1.  BLOOD GLUCOSE
B lood  g l u c o s e  was measured by t h e  en z y m a t ic  d e t e r m i n a t i o n  o f  
t r u e  g l u c o s e  u s i n g  a B o e h r i n g e r  Mannheim k i t ,  based  on t h e  method 
o.f Keston ( 1 9 5 6 ) ^
T h i s  i n v o l v e s  t h e  u s e  o f  t h e  f o l l o w i n g  r e a g e n t s .
S o l u t i o n  1 B u f f e r  enzyme s o l u t i o n .  O.IM p h o s p h a t e  b u f f e r
pH 7 , 0 ;  10 ug p e r o x i d a s e ;  250 ug g l u c o s e  o x i d a s e / m l .  
Made up t o  150 ml in  d i s t i l l e d  w a t e r .
S o l u t i o n  2 Chromogen ( 6 . 6  mg O -d i a n i s i d e n e - I I C L / m l .
S o l u t i o n  3 G lu c o s e  s ta n d a rd  s o l u t i o n  (91 ug g l u c o s e / m l ) .
S o l u t i o n  4 T h i s  was made up by m ix i n g  100 p a r t s  o f  s o l u t i o n  1 
w i t h  1 p a r t  o f  s o l u t i o n  2 ,  s t i r r i n g  v i g o r o u s l y .
T h i s  s t a b l e  in  a dark b o t t l e  f o r  1 day at  room 
t e m p e r a t u r e  and was brought  up t o  20°C b e f o r e  u s e .
P e r c h l o r i c  a c i d .  2 , 8 5  ml o f  70% p e r c h l o r i c  a c i d  was made up t o  
100 ml w i t h  r e d i s t i l l e d  w a t e r .  0 . 1 0  ml b lo o d  from a f l u o r i d e  
c o n t a i n e r  and 1 , 0 0  ml o f  p e r c h l o r i c  a c i d  were  p i p e t t e d  i n t o  a 
10 ml c e n t r i f u g e  t u b e .  T h i s  was c e n t r i f u g e d  and 0 . 2  ml o f  
t h e  d e p r o t e i n i s e d  s u p e r n a t a n t  p i p e t t e d  i n t o  a dry t e s t  t u b e .  
Blanks  and s ta n d a r d  s o l u t i o n s  ivere prepared  and t h e  o p t i c a l  
d e n s i t i e s  o f  t h e  s o l u t i o n s  read at  480 nm u s i n g  a g l a s s  c u v e t t e  
w it h  a 1 cm l i g h t  path in a Unicam SP600 s p e c t r o p h o t o m e t e r .
R e s u l t s  were o b t a i n e d  as mg g l u c o s e / 1 0 0  ml b l o o d .
MON-ESTERIFTED FATTY ACIDS ( f r e e  f a t t y  a c i d s ;  FFA)
In t h e  m a j o r i t y  o f  s t u d i e s  t h e  method used was t h a t  d e s c r i h e d  
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by Dole  ( 1 9 5 6 ) .  U n l e s s  o t h e r w i s e  s t a t e d  t h i s  was t h e  method
used f o r  FFA measurement .  In some s u b s e q u en t  s t u d i e s ,  a d d i t i o n a l
methods were used and were  t h o s e  d e s c r i b e d  by T r o u t ,  E s t e s
124
and F r i e d b e r g  ( I 9 6 0 ) "  and t h a t  p r o v i d e d  by B o e h r i n g e r  Mannheim
28based  on t h e  method o f  Duncombe ( 1 % 4 ) .
POLE’ S METHOD
1 ml o f  h e p a r i n i s e d  plasma was e x t r a c t e d  w i th  5 ml o f  a 
m ix t u r e  o f  i s o p r o p a n o l  40: h e p t a n e  10: in  s u l p h u r i c  a c i d  1 .
To t h i s  m i x t u r e  was added 2 ml h e p ta n e  and 8 ml w a t e r .  T h is  
s e p a r a t e d  i n t o  2 p h a s e s .  2 ml o f  t h e  t o p  l a y e r  was removed and 
t o  i t  was added 1 ml o f  N i l e  B lue  I n d i c a t o r  (0 .02%) and 
t i t r a t e d  w i t h  a p p r o x i m a t e l y  0 .018N  sodium h y d r o x i d e .  S ta n da r ds  
o f  known c o n c e n t r a t i o n s  o f  p a l m i t i c  a c i d  were a l s o  t i t r a t e d .
The r e s u l t s  o f  t h e  unknown s o l u t i o n  were  o b t a i n e d  and 
e x p r e s s e d  as m i c r o e q u i v a l e n t s  p er  l i t r e  ( u e q / 1 ) .
METHOD OF TROUT, ESTES AMD FRIEDBERG
2 ml o f  h e p a r i n i s e d  plasma were e x t r a c t e d  w i th  10 ml o f  t h e  e x t r a c t i o n  
m i x tu r e  as used by D o l e .  6 ml h e p t a n e  and 4 ml d i s t i l l e d  w a t e r  i s  
added t o  t h e  m i x tu r e  and shaken f o r  a t  l e a s t  2 m i n u t e s .  A 5 ml a l i q u o t  
o f  t h e  h ep ta n e  l a y e r  i s  p i p e t t e d  i n t o  a b e a k e r  and 5 ml o f
0.05% aqueous s u l p h u r i c  a c i d  added.  The m i x t u r e  i s  shaken v i g o r o u s l y  
and th e n  c e n t r i f u g e d .  3 ml o f  t h e  h e p t a n e  l a y e r  i s  t i t r a t e d  w i t h  
a p p r o x im a t e l y  0 . 0 1 8  M sodium h y d r o x id e  u s i n g  1 ml o f  N i l e  B l u e  A
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s o l u t i o n  ( 0 . 0 2 N )  os i n d i c a t o r .  S tandard  s o l u t i o n s  are  s i m i l a r l y  
t i t r a t e d  and r e s u l t s  c a l c u l a t e d  as in  D o l e ’ s method.
BOEHRINGER M\NNHETM METHOD
5 ml o f  c h l o r o f o r m  a re  p i p e t t e d  i n t o  3 t e s t - t u b e s ,  b l a n k ,  s ta n d ard  
and t e s t .  0 . 2  ml o f  a s ta n d a r d  ( 0 . 5  meq/1 n o n - e s t e r i f i e d  f a t t y  
a c i d s ) a r e  added t o  t h e  s ta n d a rd  t u b e  and 0 . 2  ml o f  serum i s  added 
t o  t h e  t e s t .  To a l l  3 t u b e s  i s  added 1 ml o f  a s o l u t i o n  o f  0.27M 
co pper  n i t r a t e  in  0.45M t r i e t h a n o l a m i n e  b u f f e r  pH 7 . 8 .  A f t er  
s h a k in g  v i g o r o u s l y  f o r  10 m i n u t e s ,  t h e  aqueous b l u e  g re en  l a y e r  
i s  drawn o f f  by a w a t e r  vacuum pump. 2 ml p o r t i o n s  o f  each  
ch l o r o f o r m  l a y e r  ar e  p i p e t t e d  i n t o  t e s t  t u b e s  and 0 . 2  ml o f  0 mm 
d i e t h y l d i t h i o c a r b a m a t e  s o l u t i o n  added,  A f t e r  m ix in g  o p t i c a l  
d e n s i t i e s  were read  at  440 nm on a Unicam SP600 s p e c t r o p h o t o m e t e r  
and t h e  r e s u l t s  c a l c u l a t e d  as m e q / l .
3 .  1CETO-ACETATE \ND p  HYDROXYBUTYRATE
A c e t o - a c e t a t e  was measured u s in g  a B o e h r i n g e r  Mannheim k i t ,  based
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on t h e  method o f  Bergmeyer and B renot  ( 1 9 6 5 ) .
THEORY OF REACTION
A c e t o - a c e t a t e  r e a c t s  w i th  reduced  n i c o t i n a m i d e  d i n u c l e o t i d e  (N\DH) 
in  t h e  p r e s e n c e  o f  p  h y dr o x y de hy d ro g e na se  t o  y i e l d  h y d r o x y b u t y r a t e  
and n i c o t i n a m i d e  d i n u c l e o t i d e  (NAD). The r a t e  o f  consum ption  o f  
NIDH i s  p r o p o r t i o n a l  t o  t h e  amount o f  a c e t o - a c e t a t e  and can be  
de te r m in ed  on t h e  b a s i s  o f  i t s  a b s o r p t i o n  a t  340  nm.
( 6 4 )
A c e t o - a c e t a t e  -f NADI! + II  ^ D - ( - ) - 3 - 0 H  B u t y r a t e  1- NAD
r (p Oil d e h y d r o g e n a s e )
The e s t i m a t i o n  o f  p h y d r o x y b u t y r a t e  u t i l i s e s  t h e  same r e a c t i o n  
but  in  r e v e r s e .
p OH B u t y r a t e  + N AD ^   A c e t o - a c e t a t e  4-  NADU
(p  OH d e h y d r o g e n a s e )
METHOD FOR ACETO-ACETATE
3 ml o f  f r e s h l y  drawn venous  b lo o d  was added to  3 ml o f  0.7M 
p e r c h l o r i c  a c i d  in  an i c e - b a t h .  T h i s  p r e c i p i t a t e d  t h e  b lo o d  
p r o t e i n s  and t h e  m i x tu r e  ivas th en  c e n t r i f u g e d  a t  3 , 0 0 0  rpm 
f o r  10 m i n u t e s .
0 . 5  ml o f  IM t r i p o t a s s i u m  p h o s p h a te  s o l u t i o n  was added t o  2 . 5  ml 
o f  s u p e r n a t e n t .  T h is  was mixed and l e f t  in  an i c e - b a t h  f o r  30  
m in u te s  and th en  spun at  2 , 5 0 0  rpm f o r  5 m i n u t e s .  The m i x tu r e  
was then  a l l o w e d  t o  re ach  room t e m p e r a t u r e .  I n t o  a 1 cm l i g h t  
path g l a s s  c u v e t t e  w a t e r - j a c k e t t e d  a t  25°C was put  2 ml o f  f i l t r a t e  
( b u f f e r e d  t o  pH 7 . 5  w i t h  t r i p o t a s s i u m  p h o s p h a t e )  and 0 . 0 5  ml of 
NADH s o l u t i o n .  These  were mixed and t h e  r e a c t i o n  o b s e r v e d  u s i n g  a 
Unicam SP800 s p e c t r o p h o t o m e t e r  a t  w a v e le n g t h  340 nm. Once t h e  
r e a c t i o n  s to p p ed  0 . 0 1  ml s u s p e n s i o n  o f  l a c t i c  d e h y d r o g en a s e  
and m a l i c  d e h y d r o g en a s e  (LDH/MDH) was added.  O p t i c a l  d e n s i t y  
was remeasured 10 m in ut es  a f t e r  t h e  r e a c t i o n  s to p p ed  (some  
c o n d i t i o n s  as b e f o r e ) .  0 . 0 2  ml o f  h y d r o y b u t y r a t e  d e h y d r o g e n a s e  
s u s p e n s i o n  added and t h e  o p t i c a l  d e n s i t y  read a f t e r  2 2 ,  2 4 ,  26  
and 28  m i n u t e s .
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\ c e t o - n c e t a t e  was c a l c u l a t e d  by s u b t r a c t i n g  t h e  f i n a l  (2 0  n i n )  
r e a d i n g  from t h e  r e a d i n g  o b t a i n e d  a f t e r  t h e  LDH/MDH r e a c t i o n  
f i n i s h e d .
3 . 9  x  d i f f e r e n c e  in  r e a d i n g  = mg a c e t o - a c e t a t e / 1 0 0  ml b l o o d .
METHOD FOR 0 HYDROXYDUTYH ATU
5 ml o f  f r e s h l y  drawn ve n ou s  b lo o d  was added t o  5 ml o f  IM 
p e r c h l o r i c  a c i d  in  an i c e b a t h .  A f t e r  p r o t e i n  p r e c i p i t a t i o n  t h e  
m i x t u r e  was spun at  3 , 0 0 0  rpm f o r  10 m i n u t e s .  To 5 . 0  ml o f  
s u p e r n a t a n t  was added 0 . 3  ml o f  0 . 0 2 0  M N\D s o l u t i o n  and 0 . 6 5  ml o f  
3M p o t a s s i u m  hydroxide/T"l  p o t a s s i u m  c a r b o n a t e  s o l u t i o n .  T h i s  was 
mixed and s t o o d  in  an i c e - b a t h  f o r  30  m in u t e s  a f t e r  which t h e  
p r e c i p i t a t e d  p o t a s s i u m  p e r c h l o r a t e  was f i l t e r e d  o f f .  The f i l t r a t e  
( b u f f e r e d  t o  pH 9 , 5  w i t h  p o t a s s i u m  h y d r o x i d e / p o t a s s i u m  c a r b o n a t e  
s o l u t i o n )  was a l l o w e d  t o  r i s e  t o  a t e m p e r a t u r e  o f  25°C.  9 . 5  ml o f
f i l t r a t e  was put i n t o  a 1 cm l i g h t  path w a t e r - j a c k e t t e d  c u v e t t e  at  
25°C.  The o p t i c a l  d e n s i t y  was read  and th en  0 . 0 2  ml o f  p  
h y d r o x y b u t y r a t e  d e h y d r o g e n a s e  s u s p e n s i o n  was added.  T h i s  was mixed  
and a l l o w e d  t o  s ta n d  f o r  30  m i n u t e s .  Again u s i n g  t h e  Unicam SP800  
s p e c t r o p h o t o m e t e r  a t  w a v e le n g t h  340  nm t h e  o p t i c a l  d e n s i t y  was 
measured at 5 minute  i n t e r v a l s  from 30 m in u t e s  a f t e r  b e g i n n i n g  o f  
t h e  r e a c t i o n  u n t i l  r e a c t i o n  c o m p l e t e d .
p h y d r o x y b u t y r a t e  was c a l c u l a t e d  by s u b t r a c t i n g  r e a d i n g  1 from 
r e a d i n g  2 .
6 . 5 2  x d i f f e r e n c e  in  r e a d i n g  = mg p> h y d r o x y b u t y r a t e / 1 0 0  ml b l o o d .
( 66 )
4 .  TRIGLYCERIDE
T r i g l y c e r i d e  l e v e l s  were measured by t h e  method o f  Van Handel and
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Z i l v e r s m i t  ( 1 9 5 7 ) . "
2 ml o f  c h l o r o f o r m  was added t o  4 g o f  d u c i l .  A f t e r  s h a k in g  1 ml 
o f  plasma was added,  A f t er  f u r t h e r  s h a k in g  18 ml o f  c h l o r o f o r m  
w ere  added.  T h i s  was s t o p p e r e d  and shaken i n t e r m i t t e n t l y  f o r  10 
m i n u t e s  and th en  f i l t r a t e d  through  Whatman No 43 f i l t e r  p a pe r .
1 ml o f  f i l t r a t e  was p i p e t t e d  i n t o  a t e s t  t u b e .  U s ing  a s t o c k  
s o l u t i o n  o f  1 g t r i p a l m i t i n  in  100 ml c h l o r o f o r m ,  s t a n d a r d s  
were s e t  up c o n t a i n i n g  5 0 ,  100 and 150 ug/ml  as w e l l  as  a blank  
s o l u t i o n  o f  1 ml c h l o r o f o r m .
A l l  were blown down t o  d r y n e s s  under n i t r o g e n  in  a w a t e r  bath  at  
30° C.  0 . 5  ml o f  0 . 1  N a l c o h o l i c  p o t a s s i u m  h y d r o x id e  was added ,
T h i s  was mixed,  s t o p p e r e d  and p l a c e d  in a w a t e r  bath a t  70°C f o r  
20 m i n u t e s .  0 . 5  ml o f  0 . 4  N s u l p h u r i c  a c i d  was added f o l l o w e d  by 
0 . 1  ml o f  0 . 0 5  M sodium p e r i o d a t e .  T h i s  was mixed and a l l o w e d  
t o  s ta nd  f o r  10 m i n u t e s .  0 . 2  ml o f  20% sodium s u l p h i t e  s o l u t i o n .  
0 . 5  ml o f  0 . 4  M sodium p e r i o d a t e .  0 , 5  ml o f  0 . 4  M sodium  
p e r i o d a t e .  T h i s  was mixed and a l l o w e d  t o  s ta n d  f o r  10 m i n u t e s .
0 . 2  ml o f  20% sodium s u l p h i t e  s o l u t i o n  and 7 . 5  ml o f  ch r o m a tr o p i c  
a c i d  (9 90  ml o f  c o n c e n t r a t e d  s u l p h u r i c  a c i d  t o  450 ml o f  w a t e r )  
was added p l u s  60 ml o f  3 . 3 6  g o f  4 , 5  d ih y d r o x y  . 2 . 7  n a p h t h a l e n e  
d i s u l p h o n i c  a c i d  d i s o d iu m  s a l t  made up t o  60 ml w i th  w a t e r ) .
T h i s  was mixed ,  s t o p p e r e d  and p la c e d  in  a b o i l i n g  w a t e r  bath  f o r  
30  m i n u t e s .  A f t e r  c o o l i n g  s l i g h t l y  1 ml o f  4.6% t h i o u r e a  s o l u t i o n  
was added.  A l l  sam ples  were mixed and read at  5 7 0  nm on a 
Unicam SP600 s p e c t r o p h o t o m e t e r .
( 6 7 )
5 .  CHOLESTEROL
C h o l e s t e r o l  l e v e l s  were measured by t h e  method o f  P e a r s o n ,
S t e r n  and McGavack ( 1 9 5 3 ) ?
To 0 . 2  ml o f  serum was added 2 ml o f  c o l o u r  s t a b i l i s e r  (7.5?'  
t o l u e n e  P - s u l n h o n i c  a c i d  was made up in  25?' a c e t i c  a c i d  i n  ^ c -e t i c  
a n hy d r id e  v v ) .  T h i s  was a l l o w e d  t o  s ta n d  f o r  10 m in u te s  in  a
o
w a te r  bath at  37 C. A s ta n d a rd  c h o l e s t e r o l  s o l u t i o n  o f  
200 mg/100 ml was s i m i l a r l y  p r e p a r e d .  2 ml o f  a c i d  r e a g e n t  
was added (15% s u l p h u r i c  a c i d  in  d i l u e n t  o f  25?{ a c e t i c  a c i d  
in a c e t i c  a n h y d r id e  v v ) .  O p t i c a l  d e n s i t y  was read  in  a 
Unicam SP600 s p e c t r o p h o t o m e t e r  at  625 nn and c h o l e s t e r o l  
v a l u e  c a l c u l a t e d .
6 .  GLYCEROL METHOD
G l y c e r o l  l e v e l s  were measured u s i n g  t h e  B o e h r i n g e r  Mannheim k i t ,
29
based  on t h e  method o f  E g g s t e i n  ( 1 9 6 6 ) .
S o l u t i o n  1 0.1M t r i e t h a n o l a m i n e  b u f f e r  pH 7 . 6 ;  4 mM magnesium
s u l p h a t e .
S o l u t i o n  2 6 mM N\DH; 33 mM \TP, 11 mM p hosphoeno l  p y r u v a t e .
S o l u t i o n  3 2 mg LDII/wl. 1 ml p y r u v a t e  k i n a s e / m l .
S o l u t i o n  4 2 mg g l y c e r o l  k i n a s e  ml .
C o n t e n t s  o f  b o t t l e  1 are  d i s s o l v e d  in  150 ml d i s t i l l e d  w a t e r .  
C o n t e n t s  o f  b o t t l e  2 a r e  d i s s o l v e d  in  2 ml d i s t i l l e d  w a t e r .  
S o l u t i o n s  3 and 4 a r e  s u s p e n s i o n s .
( a )  F R E E  GLYCEROL
0 . 5  ml o f  f r e s h ,  n o n - h a e m o ly s ed  serum was added t o  2 . 5  ml 
s o l u t i o n  1,  0 . 1  ml s o l u t i o n  2 and 0 . 0 2  ml s o l u t i o n  3 .
T his  was mixed and al lov;ed t o  s ta n d  in  a c u v e t t e  f o r  10 
m in u t e s  at  room t e m p e r a t u r e .  O p t i c a l  d e n s i t y  v:as read or a 
Unicam >P800 s p e c t r o p h o t o m e t e r  a t  340 nm. U s in g  a c o n s t r i c t i o n  
p i p e t t e ,  0 . 0 2  ml o f  s u s p e n s i o n  4 was added and a f u r t h e r  
r e a d i n g  made in  10 m i n u t e s .
R1-R2 x 9 . 3  -  mg g l y c e r o l / 1 0 0  ml .
( b )  TOTAL GLYCEROL
To o b t a i n  t h i s  v a l u e  t h e  serum was s a p o n i f i e d  u s i n g  a l c o h o l i c  
p o t a s s i u m  h y d r o x i d e .
0 . 2  ml o f  serum was added t o  0 . 5  ml a l c o h o l i c  p o t a s s i u m  
h y d r o x i d e .  T h i s  was mixed and put  in  a w a t e r  bath a t  70°C 
f o r  30 m i n u t e s .  A f t e r  c o o l i n g  1 ml o f  magnesium s u l p h a t e  
was added.  T his  r,as  f i l t e r e d  ^nd t h e  method th e n  f o l l o w e d  as  
f o r  f r e e  g l y c e r o l  u s i n g  0 . 5  ml o f  f i l t r a t e  in  p l a c e  o f  serum.
P I -3 2  x 7 °  ( c o n v e r s i o n  f a c t o r )  -  T o t a l  g l y c e r o l  mg/100  ml .
( c )  GLYCERIDE GLYCEROL
T h is  i s  c a l c u l a t e d  by s u b t r a c t i n g  f r e e  from t o t a l  g l y c e r o l .
N e u t r a l  f a t  ( t r i g l y c e r i d e )  i s  o b t a i n e d  t h u s
9 , 6 1  x mg g l y c e r i d e  g l y c e r o l / 1 0 0  ml -  N e u t r a l  f a t  mg/100  ml
PL ASM\ INSULIN
Plasm*' i n s u l i n  was a s s a y e d  by t h e  i m n u n o o r e c i p i t a t i o n  t e c h n i q u e
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o f  R a le s  and Randle  ( 1 9 6 3 ) .  S ta n da r ds  and a n t i - s e r a  w ere  as
15d e s c r i b e d  by Buchanan and McKiddie ( 1 9 6 7 ) .
G AS-LIQUID CHROMATOGRAPITY (GLC) METHOD
FFA and t r i g l y c e r i d e  were e x t r a c t e d  as f o l l o w s .  F i v e  ml 
o f  serum was added t o  100 ml c h l o r o f o r m ;  methanol  ( 2 : 1  v v ) .
T h i s  was e x t r a c t e d  o v e r  24 hours  b e i n g  shaken i n t e r m i t t e n t l y  f o r  
t h e  f i r s t  6 h o u r s .  I t  was th en  f i l t e r e d  through Whatman No 41 
paper and t h e  r e s i d u e  washed t w i c e  w i t h  10 ml o f  t h e  ch l o r o f o r m :  
m ethano l  m i x t u r e .  F i f t y  ml o f  0.9% s a l i n e  were l a y e r e d  on t o  t h e  
f i l t r a t e  and l e f t  o v e r n i g h t .  The c h l o r o f o r m  l a y e r  was th en  
removed and d r i e d  w i t h  sodium s u l p h a t e  which was th en  washed  
w i t h  c h l o r o fr m  and t h e  c o n t e n t s  o f  t h e  f l a s k  brought  t o  d r y n e s s .
The e x t r a c t  was run on t h i n  l a y e r  chromatography p l a t e s  
u s i n g  s i l i c a  g e l  G and a s o l v e n t  sy s tem  o f  hexane 90: e t h e r  20:  
methanol  3: a c e t i c  a c i d  2 .  The p l a t e  was then  spra yed  w i th  
f l u o r e s c e i n  s o l u t i o n  and t h e  s e p a r a t e d  FFA and t r i g l y c e r i d e  bands  
v i s u a l i s e d .  O c c a s i o n a l l y  t r i g l y c e r i d e  d id  not  s e p a r a t e  s u f f i c i e n t l y  
from c h o l e s t e r o l  e s t e r s .  When t h i s  o c c u r r e d  t h e  c h o l e s t e r o l  e s t e r :  
t r i g l y c e r i d e  band was scr a p e d  o f f  and r e - r u n  in  t h e  s o l v e n t  sy s tem  
b en zen e:  ch l o r o f o r m  4: 1 v v .
The FFA and t r i g l y c e r i d e  bands were sc r a p e d  from t h e  p l a t e  
i n t o  t u b e s  and e x t r a c t e d  by c h l o r o f o r m  from t h e  s i l i c a  g e l  and then  
blown down t o  d r y n e s s  under n i t r o g e n .  The FFA and t r i g l y c e r i d e s  
were th en  m e t h y la t e d  w i t h  boron t r i f l u o r i d e  14% in  m e t h a n o l .  For  
t r i g l y c e r i d e  m e t h y l a t i o n  1 ml o f  14% boron t r i f l u o r i d e :  b en zen e :  
methano l  (25 :  20: 55 v v )  was added t o  t h e  e x t r a c t  and p l a c e d  in a 
b o i l i n g  ’'’a t e r  bath f o r  30 m i n u t e s .  For FFA m e t h y l a t i o n  1 ml o f
( 7 0 )
14% boron t r i f l u o r i d e  was added t o  t h e  e x t r a c t  and th en  p la c e d
in  a b o i l i n g  w a te r  bath f o r  2 m i n u t e s .
<2
\ f t e r  m e t h y l a t i o n  2 ml hexand* and 1 ml w a te r  was added 
and t h e  m i x t u r e  s h a ke n .  The hexane l a y e r  was removed and e v a p o r a t e d  
t o  d r y n e s s .  The e x t r a c t  was d i s s o l v e d  in  hexane b e f o r e  a p p l y i n g  
t o  t h e  GLC column u s i n g  a Hamilton S y r i n g e .  The column  
c o n s i s t e d  o f  12.5% d i e t h y l e n e  g l y c o l  s u c c i n a t e  on 1 0 0 -1 2 0  mesh 
Gas chrom Q and t h e  column t e m p e r a t u r e  was 100°  w i th  a n i t r o g e n  
f l o w  o f  5 0 - 6 0  m l / m i n u t e  (GLC a p pa r a tu s  Pye 1 0 4 ) .  The c o n s i s t e n t  
f a t t y  a c i d  p a t t e r n s  were o b t a i n e d  from a Kent r e c o r d e r .
( 71 )
CHAPTER FOUR
VEHIFICATIOE OE STEADY ST\TE COHDTTIOKS
T h is  c h a p t e r  d e s c r i b e s  t h e  i n v e s t i g a t i o n s  und er ta k en  t o  
c o n f i r m  t h e  p r e s e n c e  o f  a s t e a d y  s t a t e  and t o  measure t h e  e f f e c t s  
o f  s t i m u l i  o t h e r  than  smoking on t h e  r e s t i n g  l e v e l s  o f  v a r i a b l e s  
such as g l u c o s e ,  FFA and k e t o n e  b o d i e s .
S tu dy \ To a s s e s s  t h e  e f f e c t  o f  t h e  i n t r o d u c t i o n  o f  a venous
can n ula  and s u b s e q u e n t  s e r i a l  venous  sa m p l in g  on l e v e l s
o f  g l u c o s e . FFA, k e t o n e  b o d i e s ,  c h o l e s t e r o l ,  t r i g l y c e r i d e
and i n s u l i n in c o n t r o l  s u b j e c t s  and s u b j e c t s  3 ’,Te e k s  a f t e r
m y o c a r d ia l  i n f a r c t i o n .
There were 6 s u b j e c t s  in  t h e  c o n t r o l  g r o u p .  A l l  were m a le ,  
age range  3 4 - 4 3  y e a r s ,  mean 42 y e a r s .  T h e i r  d i a g n o s e s  were m i t r a l  
s t e n o s i s  ( 3 ) ,  h y p e r t e n s i o n  ( 2 )  and o b e s i t y  ( 1 ) .  The 6 s u b j e c t s  
s t u d i e d  a f t e r  r e c e n t  i n f a r c t i o n  were  a l l  m a le ,  age  ran ge  5 0 - 5 9  y e a r s ,  
mean 54 y e a r s .
The i n v e s t i g a t i o n  was c a r r i e d  out  as  d e s c r i b e d  p r e v i o u s l y  in  
t h e  methods s e c t i o n  w i t h  s e r i a l  venous  s a m p l in g  b e i n g  done 15,  30 ,
45 and 60 m in u t e s  a f t e r  o b t a i n i n g  a b a s e l i n e  sam ple .
The r e s u l t s  (T a b le  3 )  show t h a t  a s a t i s f a c t o r y  s t e a d y  s t a t e  
i s  a c h i e v e d  in  term s o f  v a l u e s  f o r  FFA and k e t o n e  b o d i e s .  S e r i a l  
venous sam p l in g  done a t r a u m a t i c a l l y  th ro ugh  an i n d w e l l i n g  c a n n u la  
and t a p  d id  not  a l t e r  t h e  v a l u e  o f  any v a r i a b l e .  R e s t i n g  v a l u e s  f o r  
FFA, a c e t o - a c e t a t e  and P> OH b u t y r a t e  were h i g h e r  in  th e  p o s t - i n f a r c t i o n  
group than  in  t h e  c o n t r o l s  ( P < 0 . 0 5 )  b u t ,  as  w i t h  c o n t r o l  s u b j e c t s .
( 7 2 )
d i d  n o t  a l t e r  w i th  r e p e a t e d  s a m p l in g .  4s might  be e x p e c t e d  
c h o l e s t e r o l  and t r i g l y c e r i d e  v a l u e s  w ere  h i g h e r  in  t h e  p o s t - i n f a r c t i o n  
group but  t h e r e  was no d i f f e r e n c e  in  i n s u l i n  l e v e l s .
S tu dy R To a s s e s s  t h e  e f f e c t  o f  a s u b c u t a n e o u s  i n j e c t i o n  o f
0 . 5  ml s a l i n e  on l e v e l s  o f  g l u c o s e ,  F F \ .  k e t o n e  b o d i e s . 
c h o l e s t e r o l ,  t r i g l y c e r i d e  and i n s u l i n  in  c o n t r o l  s u b j e c t s  
and s u b j e c t s  3 weeks  a f t e r  m y o c a r d ia l  i n f a r c t i o n .
There were 6 s u b j e c t s  in  t h e  c o n t r o l  gro u p .  A l l  were male ,  
a g e  range 3 6 - 5 6  y e a r s ,  mean 46 y e a r s .  T h e i r  d i a g n o s e s  were m i t r a l  
s t e n o s i s  ( 3 ) ,  i n d i o p a t h i c  h y p e r t e n s i o n  ( 2 )  and duoden al  u l c e r  ( 1 ) .
The 6 s u b j e c t s  s t u d i e d  a f t e r  r e c e n t  i n f a r c t i o n  were a l s o  a l l  ma le ,  
age range  4 4 - 6 3  y e a r s ,  mean 53 y e a r s .
The c o n d i t i o n s  o f  i n v e s t i g a t i o n  were  as  d e s c r i b e d  w i th  s e r i a l  
ven ous  samples  b e i n g  taken  15,  30 ,  45 and 60 m in u t e s  a f t e r  t h e  s a l i n e  
i n j e c t i o n .  T a b l e s  2 \  and 2B show t h e  a b s o l u t e  and p e r c e n t a g e  ch anges  
fo u n d .
R e s u l t s  i n d i c a t e d  t h a t  t h e  f a s t i n g  b a s e l i n e  l e v e l s  o f  FFA, 
a c e t o - a c e t a t e  and B OH b u t y r a t e  were s i g n i f i c a n t l y  h i g h e r  (P < ^ 0 .0 5 )  
i n  t h e  p o s t  i n f a r c t i o n  group as  compared t o  c o n t r o l  s u b j e c t s .  Both 
groups  showed a s i m i l a r  c o n s i s t e n t  s l i g h t  r i s e  in  FFA and k e t o n e s  
f o l l o w i n g  s a l i n e  i n j e c t i o n ,  but t h i s  d id  not  re ach  s i g n i f i c a n t  l e v e l s .  
The re  was no t e n d e n c y  f o r  t h e  p o s t - i n f a r c t i o n  group t o  have a g r e a t e r  
r e s p o n s e  in  any o f  t h e  v a r i a b l e s  measured a f t e r  t h e  n o x i o u s  s t i m u l u s  o f  
an i n j e c t i o n  then  o c c u r r e d  in  c o n t r o l  s u b j e c t s .  T h i s  s u g g e s t e d  t h a t  t h e  
model  was s a t i s f a c t o r y  t o  s tu d y  t h e  e f f e c t s  o f  c i g a r e t t e  smoking.
( 7 3 )
Study  C To a s s e s s  t h e  e f f e c t  o f  smoking 2 low n i c o t i n e  c o n t e n t
c i g a r e t t e s  on l e v e l s  o f  g l u c o s e ,  FFA and k e t o n e  b o d i e s  
in  c o n t r o l  s u b j e c t s  and s u b j e c t s  3 weeks  a f t e r  m y o c a r d ia l  
i n f a r c t i o n .
There were 6 s u b j e c t s  in  t h e  c o n t r o l  g ro u p .  A l l  we re  male ,  
age range 4 0 - 5 4  y e a r s ,  mean 47 y e a r s .  T h e i r  d i a g n o s e s  were m i t r a l  
v a l v e  d i s e a s e  ( 3 ) ,  h y p e r t e n s i o n  ( 2 )  and o b e s i t y  ( 1 ) .  A l l  were  
h a b i t u a l  c i g a r e t t e  smokers  ( 1 0 - 2 0  d a i l y ) .  The 6 s u b j e c t s  s t u d i e d  
3 weeks  a f t e r  m y o c a r d ia l  i n f a r c t i o n  were  a l l  m a le ,  age  range  
4 2 - 5 7  y e a r s ,  mean 50  y e a r s .  A l l  had been h a b i t u a l  smokers  
( a p p r o x i m a t e l y  20 d a i l y )  p r i o r  t o  i n f a r c t i o n  and had resumed  
smoking s u b s e q u e n t l y .
The i n v e s t i g a t i o n  was c a r r i e d  out  as d e s c r i b e d  p r e v i o u s l y
w i t h  s e r i a l  ven ous  sam ples  b e i n g  ta k e n  b e f o r e  and 15,  3 0 ,  45 and
60 m in u t e s  a f t e r  smoking 2 low n i c o t i n e  c o n t e n t  c i g a r e t t e s .  Each
c i g a r e t t e  was smoked and a 10 m in ut e  p e r i o d  w i t h  a 5 m inute  i n t e r v a l
b e t w e e n .  They had a n i c o t i n e  c o n t e n t  o f  a p p r o x i m a t e l y  0 . 4 - 0 . 5  mg
n i c o t i n e  which i s  l e s s  than  h a l f  t h e  n i c o t i n e  c o n t e n t  o f  a s ta n d a rd
s i z e  n o n - t i p p e d  c i g a r e t t e  and were s u p p l i e d  by t h e  Tobacco Rese arch  
WhtO tv®*'**
C o u n c i l .  Such low n i c o t i n e  c o n t e n t  c i g a r e t t e s  and s u b j e c t s  we re  not
t o l d  o f  t h e i r  redu ce d  n i c o t i n e  c o n t e n t .
The r e s u l t s  are  shown in  T a b le  3 and show t h a t  smoking 2 low 
n i c o t i n e  c o n t e n t  c i g a r e t t e s  d id  not  s i g n i f i c a n t l y  i n c r e a s e  t h e  l e v e l s  
o f  any o f  t h e  measured v a r i a b l e s .  As b e f o r e  t h e  b a s a l  l e v e l s  o f  FF1 
and k e t o n e  b o d i e s  were h i g h e r  in  t h e  p o s t - i n f a r c t i o n  group th an  in  
c o n t r o l  s u b j e c t s .  T h i s  c o u l d  perhap s r e p r e s e n t  a s t a t e  o f  r e s i d u a l l y  
i n c r e a s e d  s y m p a t h e t i c  and p erhaps  a d r e n a l  medul lary  f u n c t i o n  f o l l o w i n g  
and p e r s i s t i n g  a f t e r  m y o c a r d ia l  i n f a r c t i o n .  P o s t - i n f a r c t i o n  however
( 7 4 )
d i d  not  d i f f e r  from c o n t r o l  s u b j e c t s  in  t h e i r  r e s p o n s e  t o  smoking  
low n i c o t i n e  c i g a r e t t e s .  T h i s  s u g g e s t s  t h a t  t h e s e  s u b j e c t s  had no 
undue ’’s t r e s s "  r e a c t i o n  t o  t h e  a c t  o f  c i g a r e t t e  smoking i n  terms  
o f  an enhanced  p h a r m a c o l o g i c a l  ch a n g e .  Such an e f f e c t  might  have  
o c c u r r e d  -  and so  o b scu red  t h e  r e s p o n s e s  t o  smoking s ta n d a rd  
c i g a r e t t e s  -  s i n c e  s u b j e c t s  f o l l o w i n g  m y o c a r d ia l  i n f a r c t i o n  had 
been c o u n s e l l e d  t o  a v o i d  c i g a r e t t e  smoking but  had not  done s o .
( 7 S )
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RESPONSE TO CIGARETTE SMOKING FOLLOWING RECENT 
MYOCARDIAL INFARCTION AND IN SUBJECTS WITH ANGINA 
PECTORIS OR PERIPHERAL VASCULAR DISEASE 
T h i s  c h a p t e r  d e s c r i b e s  s t u d i e s  und er ta ken  t o  i n v e s t i g a t e  t h e  
m e t a b o l i c  r e s p o n s e s  ( i n  terms o f  FFA, k e t o n e  b o d i e s  e t c . )  t o  
c i g a r e t t e  smoking in s u b j e c t s  who had s u f f e r e d  a r e c e n t  m y o c a r d ia l  
i n f a r c t i o n  in s u b j e c t s  w i t h  co r o n a r y  h e a r t  d i s e a s e  p r e s e n t i n g  as 
a ng in a  p e c t o r i s  and s u b j e c t s  p r e s e n t i n g  w i t h  p e r i p h e r a l  v a s c u l a r  
d i s e a s e  (PVD) c o n t r a s t e d  and compared t o  s u b j e c t s  w i t h  no e v i d e n c e  
o f  v a s c u l a r  d i s e a s e .
S tu d y  A To a s s e s s  t h e  e f f e c t  o f  smoking 2 n o n - t i p p e d  normal
n i c o t i n e  c o n t e n t  c i g a r e t t e s  (e a ch  c o n t a i n i n g  a p p r o x i m a t e l y  
1 . 4  mg n i c o t i n e )  on l e v e l s  o f  g l u c o s e .  FFA. k e t o n e  b o d i e s  
c h o l e s t e r o l ,  t r i g l y c e r i d e  and i n s u l i n  in  c o n t r o l  s u b j e c t s  
and s u b j e c t s  3 weeks  a f t e r  m y o c a r d ia l  i n f a r c t i o n .
There were 10 s u b j e c t s  in  t h e  c o n t r o l  gro u p .  A l l  were m a le ,  
a g e  ran ge 3 5 - 5 4  y e a r s ,  mean 45 y e a r s .  T h e i r  d i a g n o s e s  were m i t r a l  
v a l v e  d i s e a s e  ( 4 ) ,  i d i o p a t h i c  s y s t e m i c  h y p e r t e n s i o n  ( 4 ) ,  r e n a l  
c o l i c  ( 1 )  and l o n e  a t r i a l  f i b r i l l a t i o n  ( 1 ) .  F o u r t e e n  s u b j e c t s  
w ere  s t u d i e d  3 weeks  a f t e r  m y o c a r d ia l  i n f a r c t i o n .  A l l  had 
smoked more than 20 c i g a r e t t e s  d a i l y  p r i o r  t o  i n f a r c t i o n  and a t  
t h e  t i m e  o f  s t u d y  were smoking a p p r o x im a t e l y  5 c i g a r e t t e s  d a i l y .
A l l  s u b j e c t s  were male ,  age  ran ge  4 2 -6 3  y e a r s ,  mean 51 y e a r s .
( 3 0 )
C o n d i t i o n s  o f  i n v e s t i g a t i o n  w ere  as p r e v i o u s l y  d e s c r i b e d ,  
w ith  s e r i a l  venous  samples  b e i n g  ta k e n  2 5 ,  30 ,  45 and 60 m i n u t e s  
a f t e r  smoking .
The r e s u l t s  ( T a b l e s  53 and R, F i g u r e s  1 and 2 )  show t h a t  
smoking 2 normal c i g a r e t t e s  produced a s i g n i f i c a n t  r i s e  (P<Co.05  t o  0 . 0 1 )  
in  FF\  l e v e l s  at  15,  30 and 45 m i n u t e s  in  both c o n t r o l  and p o s t  
i n f a r c t  g ro u p .  The l e v e l s  a t  T60 in  both groups  were r e t u r n i n g  
towards b a s e l i n e  v a l u e s .  The FFA v a l u e s  were s i g n i f i c a n t l y  
h i g h e r  ( P ^ O . O l )  a t  TO and at  a l l  s u b s e q u e n t  t i m e  i n t e r v a l s  in  t h e  
p o s t  i n f a r c t i o n  grou p .  A c e t o - a c e t a t e  and J3 OH b u t y r a t e  v a l u e s  
r o s e  in  both  groups f o l l o w i n g  c i g a r e t t e  smoking but  t h e  v a l u e s  in  
t h e  p o s t  i n f a r c t i o n  group a l th o u g h  h i g h e r ,  were not  s i g n i f i c a n t l y  
so  a t  l e s s  than  t h e  5% l e v e l  when compared w i th  c o n t r o l  s u b j e c t s .
There  was a c o n s i d e r a b l e  v a r i a t i o n  in  FFA l e v e l s  re a c h ed  
a f t e r  smoking when i n d i v i d u a l  s u b j e c t s  a re  compared.  F i f t e e n  
m i n u t e s  a f t e r  smoking t h e  p e r c e n t a g e  i n c r e a s e  in FFA v a l u e s  in  t h e  
c o n t r o l  group ranged from 25 t o  100 per  c e n t ,  wher eas  in  t h e  p o s t
i n f a r c t i o n  group t h e  i n c r e a s e  ranged from 24 t o  142 per  c e n t  w i t h
a_
o v e r a l l  o f  c o u r s e  or  g r e a t e r  mean p e r c e n t a g e  i n c r e a s e  in  t£ e -f r  gr oup .
I t  s h o u l d  be p o i n t e d  out  t h a t  a l t h o u g h  both groups had a 
s i g n i f i c a n t  r i s e  in  FFA l e v e l s  t h e  i n c r e a s e s  in  t h e  p o s t  i n f a r c t i o n  
group were s i g n i f i c a n t l y  g r e a t e r  thar. t h e  c o n t r o l  s u b j e c t s  ( a t  
T15 P< 0 . 0 5 ,  at T30 P < 0 . 0 1 ,  at  T45 P < 0 . 0 1 ,  a t  T60 P < 0 . 0 1 ) .
In term s  o f  i n s u l i n  r e s p o n s e  t o  smoking t h e r e  was no change  
in  i n s u l i n  l e v e l s  and no d i f f e r e n c e s  were found betw een  c o n t r o l  and
( 9 1 )
nnd p o s t  i n f a r c t i o n  s u b j e c t s .  L e v e l s  o f  g l u c o s e  remained  
u n a l t e r e d ,  s u g g e s t i n g  t h a t  t h e  p r o b a b l e  c a t e c h o l a m i n e  r e l e a s e  
as  a c o n s eq u en ce  o f  smoking was s u f f i c i e n t  t o  a l t e r  FFA v a l u e s
but  i n s u f f i c i e n t  t o  a f f e c t  g l u c o s e  l e v e l s .
V a lu e s  f o r  c h o l e s t e r o l  and t r i g l y c e r i d e  l i k e w i s e  remained  
c o n s t a n t  a l s o  s u g g e s t i n g  t h a t ,  in  t h e  s h o r t  term a t  l e a s t ,  
c i g a r e t t e  smoking does  not  i n c r e a s e  o r  a f f e c t  c i r c u l a t i n g  
c h o l e s t e r o l  or  t r i g l y c e r i d e  l e v e l * .
Studv 3 To a s s e s s  t h e  e f f e c t  o f  smoking 9 n o n - t i p p e d  normal
n i c o t i n e  c o n t e n t  c i g a r e t t e s  on l e v e l s  o f  g l u c o s e .  FFA, 
k e t o n e  b o d i e s  and i n s u l i n  in  s u b j e c t s  p r e s e n t i n g  w i t h  
p e r i p h e r a l  v a s c u l a r  d i s e a s e  (PVD) and in  t h o s e  
p r e s e n t i n g  w i t h  angina p e c t o r i s  due t o  CUD.
There were 9 s u b j e c t s  i n  t h e  PVD g ro u p .  A l l  were male ,
a g e  ran ge  4 4 -6 1  y e a r s ,  mean 54 y e a r s .  A l l  had symptoms o f  s e v e r e
i n t e r m i t t e n t  c l a u d i c a t i o n  w i t h  a n g i o g r a p h i c a l l y  d em o n s tra te d
R oot.
a t h e r o s c l e r o s i s  o f  t h e  lo w e r  l imb v e s s e l s .  Here co m pla in ed  o f  
e x e r t i o n a l  c h e s t  pa in  and a l l  had normal e l e c t r o c a r d i o g r a m s .  I t  
i s  r e c o g n i s e d  t h a t  t h i s  does  not  e x c l u d e  u n d e r l y i n g  CDD but  t h i s  
was not  m a n i f e s t  c l i n i c a l l y .  A l l  had smoked more th an  20 c i g a r e t t e s  
d a i l y  f o r  s e v e r a l  y e a r s .
There ’-’e r e  6 s u b j e c t s  w i t h  a n g i n a .  Again a l l  were  m a le ,  
a g e  range  2 9 - 5 3  y e a r s ,  mean 45 y e a r s .  A l l  had abnormal  ( i s c h a e m i c )  
r e s t i n g  e l e c t r o c a r d i o g r a m s  and had c o r o n a r y  a r t e r y  d i s e a s e  
d e m o n s t r a t e d  by co r o n a r y  a n g io g r a p h y .  Each smoked 1 5 - 2 0  c i g a r e t t e s  
d a i l y .
( 82)
The c o n d i t i o n s  and methods o f  i n v e s t i g a t i o n  w ere  as 
p r e v i o u s l y  o u t l i n e d .
The r e s u l t s  ( T a b le s  7 \  and C, F i g u r e  3 )  show t h a t  t h e r e  was 
a s i g n i f i c a n t  i n c r e a s e  (P<^O.OF> t o  P ^ O . O l )  i -one b o d i e s
in  both g ro u p s .  The r i s e  in  F F \ t when e x p r e s s e d  as a p e r c e n t a g e  o f  
t h e  i n i t i a l  v a l u e  was s i g n i f i c a n t l y  g r e a t e r  i n  t h e  an g in a  than in  
t h e  PVD group .  T h i s  i n c r e a s e  in  FFA v a l u e  o c c u r r e d  in  t h e  p r e s e n c e  
o f  a b o r d e r l i n e  f a s t i n g  FFA v a l u e  t h a t  was s l i g h t l y  l ow er  in  th e  
an g in a  than  in  PVD s u b j e c t s .  There was no s i g n i f i c a n t  d i f f e r e n c e  
in  t h e  l e v e l s  o f  k e t o n e  body r e l e a s e  t h a t  o c c u r r e d  a f t e r  c i g a r e t t e  
smoking when t h e  ang in a  and PIT) groups  are  compared.  The o v e r a l l  
r e s p o n s e  t o  c i g a r e t t e  smoking was s i m i l a r  in  ang in a  and c o n t r o l  
s u b j e c t s  but  l e s s ,  in  t i m e s  o f  FFA r e l e a s e ,  in  t h e  PVD grou p .
Is  b e f o r e ,  smoking 2 normal c i g a r e t t e s  d id  not  produc e any 
chan ge i n  l e v e l s  o f  i n s u l i n ,  c h o l e s t e r o l  and t r i g l y c e r i d e .
T a b le  8 and F i g u r e  4 i n d i c a t e s  t h e  i n c r e m e n t a l  and t o t a l  
ch an ges  in  FFA and k e t o n e  body v a l u e s  t h a t  were fo u n d .  The t o t a l  
p r o d u c t i o n  o f  FFA and k e t o n e  b o d i e s  were o b t a i n e d  by s u b t r a c t i n g  
b a s a l  v a l u e s  from t h o s e  measured a t  T15, T30,  T45 and T60 and t h e  
v a l u e s  w ere  then  summed ( i e  T15-T0 + T3O-T0 e t c ) .  The p r o d u c t i o n  
o f  FFA and k e t o n e  b o d i e s  was h i g h e r  in  t h e  p o s t  i n f a r c t i o n  s u b j e c t s  
than in  t h e  o t h e r  g r o u p s .  The l o w e s t  FFA r e s p o n s e  was found in
C©/»Ti
t h e  PVD grou p ,  a f a c t  p o s s i b l y  r e l a t e d  t o  t h e  h a b i t u a l  e x t e nt  
o f  t h e i r  c i g a r e t t e  smoking.  F i g u r e  5 s u g g e s t s  t h a t  in  g e n e r a l  
a l t e r a t i o n s  in  FFA l e v e l s  are  r e f l e c t e d  by p a r a l l e l  ch a n g es  in  
k e t o n e  body l e v e l s .
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EFFECTS OF ADRENALINE ON CONTROL SUBJECTS AND 
THOSE WITH RECENT MYOCARDIAL INFARCTION
The e f f e c t  o f  c i g a r e t t e  smoking i s  produced p a r t l y ,  a t
l e a s t ,  by s y m p a t h e t i c - a d r e n o m e d u l l a r y  s t i m u l a t i o n .  Kingsbury and
65
J a r r e t t  ( 1 9 6 7 )  showed t h a t  t h e  i n j e c t i o n  o f  a sm a l l  amount o f  
a d r e n a l i n e  s u b c u t a n e o u s l y  c o u l d  produce s i m i l a r  e f f e c t s  on FFA 
l e v e l s  t o  t h a t  r e s u l t i n g  from smoking 2 c i g a r e t t e s .  They a l s o  
found t h a t  a d r e n a l i n e  produced a r i s e  in  b lood  sugar  whereas  
c i g a r e t t e  smoking and t h a t  no change in  i n s u l i n  l e v e l s  f o l l o w e d  
a d r e n a l i n e  a d m i n i s t r a t i o n .  In v iew  o f  t h e  f i n d i n g  tha»t p o s t  
i n f a r c t i o n  s u b j e c t s  had a g r e a t e r  than c o n t r o l  r e s p o n s e  t o  
c i g a r e t t e  smoking i t  was d e c i d e d  t o  compare t h e  e f f e c t  o f  a d r e n a l i n e  
a d m i n i s t r a t i o n  in c o n t r o l  s u b j e c t s  and in  s u b j e c t s  who had 
s u s t a i n e d  a r e c e n t  m y o c a r d ia l  i n f a r c t i o n .
S tu dy  To a s s e s s  t h e  e f f e c t  o f  t h e  s u b c u t a n e o u s  i n j e c t i o n  o f
0 . 0 1  til o f  1: 1 0 , 0 0 0  a d r e n a l i n e  f o r  kg body w e i g h t  on 
l e v e l s  o f  g l u c o s e ,  FFA, k e t o n e  b o d i e s ,  i n s u l i n ,  c h o l e s t e r o l  
and t r i g l y c e r i d e  in  c o n t r o l  s u b j e c t s  and s u b j e c t s  3 weeks  
a f t e r  m y o c a r d ia l  i n f a r c t i o n .
There were 6 s u b j e c t s  in  t h e  c o n t r o l  group .  A l l  were m a le ,  
a g e  ran ge  4 4 - 5 9  y e a r s ,  mean 55 y e a r s .  T h e i r  d i a g n o s e s  were  
h y p e r t e n s i o n  ( 3 ) ,  m i t r a l  s t e n o s i s  ( 1 )  and i n n o c e n t  s y s t o l i c  m u rm ur ( l ) .  
The 6 s u b j e c t s  s t u d i e d  3 weeks  a T ter  i n f a r c t i o n  were a l l  m a le ,  age  
ra n g e  4 7 - 6 3  y e a r s ,  mean 55 y e a r s .
(94)
The c o n d i t i o n s  o f  i n v e s t i g a t i o n  r o s e  os b e f o r e  w i th  s e r i a l  
v en o u s  samples  b e i n g  o b t a i n e d  15,  3 0 ,  45 and 60 m in u t e s  a f t e r  t h e  
s u b c u t a n e o u s  i n j e c t i o n  o f  t h e  a p p r o p r i a t e  d o s e  o f  a d r e n a l i n e .
The r e s u l t s  ar e  shown in  T a b l e s  9A and B and in  F i g u r e  6 .  
P r e v i o u s  s t u d i e s  had shown t h a t  t h e  su b c u t a n e o u s  i n j e c t i o n  o f  s a l i n e  
prod uced  s m a l l  but  not  s i g n i f i c a n t  c h a n g es  in  any o f  t h e  
v a r i a b l e s  measured so t h a t  chan ges  found a f t e r  a d r e n a l i n e  i n j e c t i o n  
a r e  due t o  t h e  a d r e n a l i n e  r a t h e r  th a n  m e r e l y  t o  t h e  n o x io u s  
s t i m u l u s  o f  an i n j e c t i o n .  In terms  o f  t h e  p r e s e n t  s tu d y  t h e  main 
ch a n g es  found were in  FFA and k e t o n e  b o d i e s .  S i g n i f i c a n t  i n c r e a s e s  
( P < 0 . 0 1 )  in  FFA and k e t o n e  b o d i e s  o c c u r r e d  in  both t h e  c o n t r o l  
and p o s t  i n f a r c t i o n  groups  w i th  t h e  r i s e  in  FFA v a l u e s  in  t h e  
p o s t  i n f a r c t i o n  group b e i n g  s i g n i f i c a n t l y  h i g h e r  than t h e  c o n t r o l  
r e s p o n s e  a t  T45 and T60.  There was no s i g n i f i c a n t  d i f f e r e n c e  
between  t h e  groups in  t e r n s  o f  k e t o n e  body f o r m a t i o n .
O v e r a l l  t h e  r e s u l t s  s u g g e s t  t h a t ,  f o r  s i m i l a r  d o s e s  o f  
a d r e n a l i n e ,  t h e  r e s p o n s e  in  FFA i s  g r e a t e r  in  t h o s e  s u b j e c t s  who 
have r e c e n t l y  s u s t a i n e d  a m y o c a r d ia l  i n f a r c t i o n  and t h a t  t h i s  
enhanced  r e s p o n s e  would be in  k e e p i n g  w i t h  t h e  s i m i l a r  g r e a t e r  
i n c r e a s e s  found in  t h i s  group o f  s u b j e c t s  a f t e r  smoking 2 normal  
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( ° 7 ) FIGURE 6
Effect of 0*01 (jI of 1:10,000 Adrenaline per kg 
body weight on levels of Glucose, FFA,
Acefo-Acetate and jBOH Butyrate.
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RESPONSE TO CIGARETTE SMOKING IN THOSE WITH NORMAL 
LIPIDS AND THOSE WITH HYPERLIPOPROTEINAEMIA
There has been c o n s i d e r a b l e  i n t e r e s t  o v er  t h e  p a s t  fo u r  
y e a r s  in  t h e  c l a s s i f i c a t i o n  o f  l i p i d  a b n o r m a l i t i e s  -  t h e  
h y p e r l i p o p r o t e i n a e m i a s  -  as  prop os ed  by F r e d r i c k s o n ,  Levy and 
Lees  ( 1 9 6 7 ) .  \n  e x t e n s i o n  t o  t h i s  c l a s s i f i c a t i o n  was a l s o  
s u g g e s t e d  by Beaumont e t  a l  ( 1 9 7 o V !  ' In g e n e r a l  terms t h e  
c l a s s i f i c a t i o n  s e p a r a t e s  s u b j e c t s  i n t o  t h o s e  w i t h  normal l i p i d s  
and t h o s e  w i t h  Type 1 - 5  a b n o r m a l i t i e s .  The commonest ar e  Type I I  
a b n o r m a l i t y  where t o t a l  c h o l e s t e r o l  i s  r a i s e d  and t r i g l y c e r i d e  i s  
normal  and Type IV a b n o r m a l i t y  where t o t a l  c h o l e s t e r o l  i s  normal  
but  t r i g l y c e r i d e  i s  r a i s e d .  Normal v a l u e s  f o r  c h o l e s t e r o l  and 
t r i g l y c e r i d e  and t h e  p r e v a l e n c e  o f  t h e  h y p e r l i p o p r o t e i n a e m i a s
in male s u b j e c t s  a t  work in  t h e  West o f  S c o t l a n d  have been r e p o r t e d
83
(L o r im e r ,  Cox,  G r e a v e s ,  Hawthorne,  Jubb,  Morgan and Lawrie  1 9 7 2 ) .  
E p i d e m i o l o g i c a l  s t u d i e s  have i n d i c a t e d  t h a t  h y p e r l i p i d a e m i a  as  shown 
by r a i s e d  c h o l e s t e r o l  or r a i s e d  t r i g l y c e r i d e ,  e i t h e r  s i n g l y  or  in
c o m b i n a t i o n ,  a r e  among t h e  major r i s k  f a c t o r s  in  t h e  dev e lo p m en t  o f
14 „ 18
CHD (B lack burn  197 0 ,  C a r l s o n  and B o t t i g e r  1 9 7 2 ) .  I t  seemed a p p r o p r i a t e
t o  i n v e s t i g a t e  t h e  FFA and k e t o n e  body r e s p o n s e  t o  c i g a r e t t e  smoking
i n  s u b j e c t s  w i t h  normal and abnormal  l i p i d s .  The c l a s s i f i c a t i o n  w i t h
h y p e r l i p o p r o t e i n a e m i a s  was based  on measurements  o f  t o t a l  b h o l e s t e r o l
and t r i g l y c e r i d e ,  f a c i l i t i e s  f o r  u l t r a c e n t r i f u g a t i o n  o f  l i p o p r o t e i n s
n o t  b e i n g  a v a i l a b l e .
(99)
S tu dy  \  To a s s e s s  t h e  e f f e c t  o f  smoking 2 n o n - t i p p e d  normal
n i c o t i n e  c o n t e n t  c i g a r e t t e s  on l e v e l s  o f  g l u c o s e ,  F F \ , 
k e t o n e  b o d i e s  and i n s u l i n  in  s u b j e c t s  w i th  normal l i p i d  
v a l u e s  end t h o s e  w i th  p r o b a b l e  Type IT or  Type TV 
h y p e r l i p o n r o t c i n e c i i o .
There were 13 mole s u b j e c t s  in  t h e  normnl l i p i d  v a l u e  
grou p ,  age  range  3 5 - 5 8  y e a r s ,  mean 43 y e a r s .  There we re  7 male  
s u b j e c t s  in  t h e  p r o b a b l e  Type I I  grou p ,  age  ran ge  7 3 - 5 4 ,  mean 
42 y e a r s  w h i l e  i n  t h e  p r o b a b l e  Type IV group t h e r e  were 6 male  
s u b j e c t s ,  age ra n g e  4 3 - 5 9  y e a r s ,  mean 51 y e a r s .
The r e s u l t s  a re  shown in  T a b l e s  101 and C and F i g u r e  7 .
They i n d i c a t e  t h a t  a s a t i s f a c t o r y  d i f f e r e n t i a t i o n  between  t h e
groups  i s  p r e s e n t  in  terms  a f  c h o l e s t e r o l  and t r i g l y c e r i d e  v a l u e s .
The r e s t i n g  b a s a l  v a l u e s  f o r  FFA, k e t o n e  b o d i e s  and i n s u l i n  a l l
t e nd e d  t o  be h i g h e r  i n  t h e  Type IV group -  p o s s i b l y  r e f l e c t i n g  t h e
s l i g h t l y  i n c r e a s e d  b o dy w e ig ht  o f  t h i s  g ro u p .  The r e s p o n s e s  t o
c i g a r e t t e  smoking were s i m i l a r  in  each group w i t h  no s i g n i f i c a n t
d i f f e r e n c e s  between  them b e i n g  fo u n d .  I t  had been f e l t  t h a t  t h o s e
w i t h  Type IV a b n o r m a l i t y  might  have shown an enhanced r e l e a s e  o f
FFA but  t h i s  d id  n o t  i n i t i a l l y  appear  t o  be s o .  However,  when
jr'
i n c r e m e n t s  o f  FFA were measured b y  subtract in g t h e  b a s a l  (TO) v a l u e  
from t h o s e  found at  T15, T°*0, T45 and T60 i t  was found t h a t  t h e r e  was no 
d i f f e r e n c e  be tween  s u b j e c t s  w i t h  normal  l i p i d s  and t h o s e  w i t h  Type I I  
a b n o r m a l i t y  but +hat  t h o s e  w i t h  Type IV had a s i g n i f i c a n t l y  g r e a t e r
r e l e a s e  ( P < 0 , 0 1 )  o f  FFA a t  15,  30  and 4r m i n u t e s .  The i n c  ^es in
k e t o n e  b o d i e s  were a l s o  h i g h e r  i n  t h e  Type IV group a l th o u g h  s a t i s f a c t o r y  
l e v e l s  o f  s i g n i f i c a n c e  we re  not  o b t a i n e d .  These  r e s u l t s  ar e  shwon
in  T ab le  11 .  These  r e s u l t s  can be compared fee t h o s e  r e p o r t e d  by 
N e s t e l  ( 1 9 6 4 )  who found a s i g n i f i c a n t  r e l a t i o n s h i p  between  plasma  
t r i g l y c e r i d e  c o n c e n t r a t i o n  and t h e  a b s o l u t e  and p e r c e n t i l e  
i n c r e m e n t s  in  FFA t h a t  o c c u r r e d  a f t e r  a 15 minute  i n f u s i o n  o f  
n o r a d r e n a l i n e .  When k e t o n e  body/FFA r e l a t i o n s h i p  ar e  examined  
i t  can be s een  t h a t  o v e r a l l  t h e  r a t i o  i s  s i m i l a r  in a l l  g r o u p s .  
Thus t h e  i n c r e a s e d  FFA p r o d u c t i o n  o f  t y p e  TV i s  a s s o c i a t e d  w i t h  
a c o r r e s p o n d i n g  k e t o n e  body i n c r e a s e .
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Effect of Smoking 2 norma! cigarettes on levels of
Glucose FFA, A cefo-A cetate  and $OH Butyrate in 
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RESPONSE TO CIGARETTE SMOKING 1 YEAR AFTER 
MYOCARDIAL INFARCTION AND EFFECT OF BETA-ADRENORECEPTOR 
BLOCKADE ON THIS RESPONSE
P r e v io u s  r e p o r t s  have shown t h a t  s h o r t l y  a f t e r  a m y o c a r d ia l  
i n f a r c t i o n  t h e r e  i s  an enhanced r e l e a s e  o f  FFA in  r e s p o n s e  t o  
smoking,  P u b l i s h e d  work has not  i n d i c a t e d  w h eth er  or  not t h i s  i s  
a permanant f i n d i n g  nor w h eth er  or  not  i t  can be p h a r m a c o l o g i c a l l y  
p r e v e n t e d .  S t u d i e s  were t h e r e f o r e  under ta ken  in  s u b j e c t s  one y e a r  
a f t e r  documented m y o c a r d ia l  i n f a r c t i o n ,  and in  a d d i t i o n  t h e  e f f e c t  
o f  b e t a - a d r e n o r e c e p t o r  b lo c k a d e  was i n v e s t i g a t e d .
Study  A To a s s e s s  t h e  e f f e c t  o f  smoking 2 n o n - t i p p e d  normal
n i c o t i n e  c o n t e n t  c i g a r e t t e s  on l e v e l s  o f  FFA and k e t o n e  
b o d i e s  in  s u b j e c t s  one y e a r  a f t e r  m y o c a r d ia l  i n f a r c t i o n  
and t o  compare t h e  e f f e c t s  o f  IV p r o p r a n o l o l  and p l a c e b o  
on l e v e l s  o f  FFA and k e t o n e  b o d i e s  a f t e r  smoking 2 normal  
c i g a r e t t e s .
Seven male s u b j e c t s  ( a g e  range 3 6 - 5 6  y e a r s .m e a n  44 y e a r s )  were  
s t u d i e d  a p p r o x im a t e l y  one y e a r  a f t e r  m y o c a r d ia l  i n f a r c t i o n .  A l l  had 
made an a p p a r e n t l y  good r e c o v e r y  and had resumed smoking 1 5 - 2 0  
c i g a r e t t e s  d a i l y .  The c o n d i t i o n s  o f  i n v e s t i g a t i o n  r o s e  as  p r e v i o u s l y  
d e s c r i b e d  w i t h  s u b j e c t s  b e i n g  ad m i t te d  t h e  day b e f o r e  i n v e s t i g a t i o n  and 
f a s t e d  o v e r n i g h t .
S i x  male s u b j e c t s  were s t u d i e d  a f t e r  t h e  IV a d m i n i s t r a t i o n  o f  
p r o p r a n o l o l  or  p l a c e b o .  A l l  had s u s t a i n e d  a m y o c a r d ia l  i n f a r c t i o n  one  
y e a r  b e f o r e  and had resumed smoking.  Each was randomly a l l o c a t e d  t o
e i t h e r  p r o p r a n o l o l  or p l a c e b o  on day 1 w i t h  t h e  o t h e r  b e i n g  g i v e n  on 
day 2 .  A b a s e l i n e  sample o f  v en o u s  b lo o d  was o b t a i n e d  t h e n  e i t h e r  
p r o p r a n o l o l  i n  a d o s e  o f  0 . 0 5  mg/kg b o dy w eig ht  or  10 n l  s a l i n e  were  
i n j e c t e d  s l o w l y  TV. S u b j e c t s  th e n  smoked 2 normal  c i g a r e t t e s  w i t h  
v en o u s  sam ples  b e i n g  o b t a i n e d  at  t h e  t i m e s  l i s t e d .
The r e s u l t s  are  shown in  T a b l e s  12A and F i g u r e  ° .
They i n d i c a t e  t h a t  one y e a r  a f t e r  m y o c a r d ia l  i n f a r c t i o n  t h e  
r e s p o n s e  t o  c i g a r e t t e  smoking r e s e m b l e s  t h a t  found i n  c o n t r o l  
s u b j e c t s .  I t  s h o u l d  a l s o  be n o ted  t h a t  t h e  b a s a l  l e v e l s  f o r  FFA 
and k e t o n e  b o d i e s  ar e  s i m i l a r  in t h e  p o s t  i n f a r c t i o n  and c o n t r o l  
g r o u p .  The en hanc ed  f a s t i n g  l e v e l s  o f  FFA found in  s u b j e c t s  2 weeks  
a f t e r  i n f a r c t i o n  was no l o n g e r  p r e s e n t  one y e a r  a f t e r  i n f a r c t i o n .
For was t h e r e  any t e n d e n c y  f o r  i n c r e a s e d  FFA r e l e a s e  a f t e r  smok ing.  
T h e s e  s u b j e c t s  had made a good r e c o v e r y  and were  n e i t h e r  in  
c a r d i a c  f a i l u r e  nor e x p e r i e n c i n g  a n g i n a .  These  r e s u l t s  s u g g e s t  t h a t  
t h e  i n c r e a s e  r e l e a s e  o f  FFA found a f t e r  i n f a r c t i o n  i s  a t r a n s i e n t  
phenomenon.
P r o p r a n o l o l  i s  ° n o n - s e l e c t i v e  b e t a - a d r e n o r e c e p t o r  b l o c k i n g  
a g e n t  i e  i t  a c t s  on a d r e n e r g i c  r e c e p t o r s  o t h e r  th a n  t h o s e  found i n  
t h e  h e a r t .  I t  i s  w i d e l y  used  in  t h e  t r e a t m e n t  o f  c a r d i a c  d y s r h y t h m ia  
a n g in a  due t o  CHD *nd s y s t e m i c  h y p e r t e n s i o n .  I t  has  a l s o  bee"  
s u g g e s t e d  t h a t  b e t a - a d r e n o r e c e p t o r  b l o c k a d e  may have p r o p h y l a c t i c  
v a l u e  i n  t h e  p r e v e n t i o n  o f  r e c u r r e n c e  o f  m y o c a r d ia l  i n f a r c t i o n .
The e f f e c t  on t h e  r e l e a s e  o f  FFA and k e t o n e  b o d i e s  a f t e r  c i g a r e t t e  
smoking i s  shown i n  T a b le  13 and F i g u r e  10,  I n t r a v e n o u s  p r o p r a n o l o l  
complete ly  a b o l i s h e d  t h e  FFA r e s p o n s e  t o  c i g a r e t t e  smoking a t  a l l  
t i m e  i n t e r v a l s  when compared t o  p l a c e b o .  There was a l s o  a marked 
r e d u c t i o n  in  k e t o n e  body l e v e l s  a l th o u g h  i t  s h o u l d  be n o ted  t h a t  a 
s m a l l  r e s p o n s e  p e r s i s t e d .  O v e r a l l ,  however,  t h e  ch a n g es  i n
(1 0 0 )
k e t o n e  body l e v e l s  d id  not  re ach  s i g n i f i c a n t  l e v e l s .
I t  seems l i k e l y ,  t h e r e f o r e ,  t h a t  n r o p r a n o lo  i s  e f f e c t i v e  
ir. r e d u c i n g  c a t e c h o l a m i n e  induced  FFA f l o w  and t h i s  a c t i o n  
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( I l l ) FIGURE 9
Effect of Smoking 2 Norma! c igarettes  on 
levels  of  FFA, A c e t o - A c e t a t e  and pOM 
Butyrate in Control subjects  a n d  those  
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(112) FIGURE 1.0
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EFFECT OF SMOKING 6 CIGARETTES OVER 3 HOURS 
IN THOSE WITH AND WITHOUT OVERT VASCULAR DISEASE
The s t u d i e s  d e s c r i b e d  in  e a r l i e r  c h a p t e r s  i n d i c a t e  t h a t  t h e  
smoking o f  2 normal c i g a r e t t e s  i s  s u f f i c i e n t  t o  produce  c h a n g e s  in  
l e v e l s  o f  FFA and k e t o n e  b o d i e s  but  i n s u f f i c i e n t  t o  c a u s e  any 
a l t e r a t i o n  in  l e v e l s  o f  g l u c o s e  or  i n s u l i n .  I t  was f e l t  t h a t  smoking  
2 c i g a r e t t e s  might  be an in a d e q u a t e  s t i m u l u s  t o  produce c h a n g es  in  
t h e s e  v a r i a b l e s  and so t h e  i n v e s t i g a t i o n  was r e p e a t e d  a f t e r  smoking  
6 normal  n i c o t i n e  c o n t e n t  c i g a r e t t e s  o v e r  a 3 hour p e r i o d .  I t  was not  
f e l t  j u s t i f i a b l e  t o  ask t h o s e  who had s u s t a i n e d  a r e c e n t  i n f a r c t i o n  
t o  smoke t h i s  number o f  c i g a r e t t e s  and so t h e  s t u d y  was r e s t r i c t e d  
t o  c o n t r o l  s u b j e c t s  and s u b j e c t s  w i t h  e i t h e r  a n g in a  or  PVD.
S tu dy  To a s s e s s  t h e  e f f e c t  o f  smoking 6 low n i c o t i n e  c o n t e n t
c i g a r e t t e s  o v e r  a 3 hour p e r i o d  and t o  compare t h e  e f f e c t  
o f  smoking 6 normal  n i c o t i n e  c o n t e n t  c i g a r e t t e s  smoked 
3 hours on l e v e l s  o f  FFA. k e t o n e  b o d i e s ,  g l u c o s e  i n s u l i n . 
c h o l e s t e r o l  and t r i g l y c e r i d e  in  c o n t r o l  s u b j e c t s  and t h o s e  
w i t h  an g in a  or  PVD.
There  were 5 s u b j e c t s  in  t h e  group smoking low n i c o t i n e  c o n t e n t  
c i g a r e t t e s .  A l l  were male  ( a g e  ra n g e  3 7 - 5 8  y e a r s ,  mean 48 y e a r s ) .
F i v e  male  s u b j e c t s  ( a g e  range  3 7 - 6 4  y e a r s ,  mean 49 y e a r s )  smoking 6 
normal  c i g a r e t t e s .  None had a h i s t o r y  o f  m y o c a r d ia l  i n f a r c t i o n ,  an g in a  
or PVD. There were 6 male  s u b j e c t s  in t h e  PVD group ( a g e  range
( 1 1 4 )
4 5 - 6 7  y e a r s ,  mean 53 y e a r s ) .  M l  had a n g i o g r a p h i c a l l y  d em on stra t ed  
v a s c u l a r  d i s e a s e  o f  t h e  lo w er  l im b s  but  gav e no h i s t o r y  o f  ang ina  
or m y o c a r d ia l  i n f a r c t i o n .  The 6 male  s u b j e c t s  w i t h  ang ina  (a ge  
range  3 9 - 5 3  y e a r s ,  mean 45 y e a r s )  a l l  had abnormal r e s t i n g  
e l e c t r o c a r d i o g r a m s  and co r o n a r y  ang iograms  d e m o n s t r a t i n g  
s i g n i f i c a n t  d i s e a s e .
S u b j e c t s  were f a s t e d  o v e r n i g h t .  An i n t r a v e n o u s  ca nnula  was  
i n s e r t e d  as  p r e v i o u s l y  d e s c r i b e d  as a b a s e l i n e  sample  o b t a i n e d .  
S u b j e c t s  th en  smoked 1 low n i c o t i n e  or  1 normal n i c o t i n e  c o n t e n t  
c i g a r e t t e  e v e r y  30 m i n u t e s  f o r  2 hours  and a f u r t h e r  ven ous  sample  
was o b t a i n e d  a t  t h e  end o f  t h i s  t i m e
The r e s u l t s  a re  shown in  T a b l e s  1 4 \ and B and F i g u r e  11.
When t h e  s u b j e c t s  a r e  examined i n  g r o u p s ,  t h e  s i g n i f i c a n t  changes
o c c u r r e d  in  FFA and k e t o n e  b o d i e s .  Smoking low n i c o t i n e  c o n t e n t  
c i g a r e t t e s  f a i l e d  t o  produce any change in  t h e  v a r i a b l e s  measured,  
but  a f t e r  smoking 6 normal c i g a r e t t e s  FFA v a l u e s  i n c r e a s e d  by 3 6 - 4 2  
per c e n t .  W hil e  a c e t o - a c e t a t e  and B h y d r o x y b u t y r a t e  i n c r e a s e d  by 
1 0 2 -1 5 0  and 1 0 1 - 1 2 0  p er  c e n t  r e s p e c t i v e l y .  There was r.o d i f f e r e n c e  
in  t h e  l e v e l  o f  r e s p o n s e  between  c o n t r o l  s u b j e c t s  and t h o s e  w i t h  o v e r t  
CHD or PAT). T h i s  c o u l d  s u g g e s t  t h a t  b a s i c a l l y  a l l  c i g a r e t t e  smoking  
s u b j e c t s  re spon d  t o  h ea v y  c i g a r e t t e  smoking in  much t h e  same way.
Such e f f e c t s  may o f  c o u r s e  be more harmful  in  t h o s e  w i t h  an a l r e a d y  
compromised v a s c u l a r  t r e e .  There was no s i g n i f i c a n t  change over a i  v  
in  mean l e v e l s  o f  i n s u l i n ,  c h o l e s t e r o l  or  t r i g l y c e r i d e .
I t  was a l s o  d e c i d e d  t o  compare each i n d i v i d u a l ’ s r e s p o n s e  t o
smoking.  There were 2 main g r o u p s ,  t h o s e  whose b lo o d  sugar  r o s e  by 
more than 15 mg per l r‘0 ml and t h o s e  in  whom t h e  b lo o d  g l u c o s e  r o s e
( 1 1 5 )
by l e s s  than t h i s  amount or  even f e l l .  I n d i v i d u a l  r e s u l t s  are  
shown in  T a b le  15.
In t h e  group showing  a r i s e  i n  b lo o d  g l u c o s e ,  t h e  
mean l e v e l  r o s e  from 91 t o  117 mg/100 i l  w h i l e  i n  t h e  o t h e r  t h e  
v a l u e  f e l l  from 94 t o  82 mg/100  ml .  T h i s  d i f f e r e n c e  in  g l u c o s e  
r e s p o n s e  wos not  r e f l e c t e d  by d i f f e r e n c e s  in  FFA or  k e t o n e  body  
v a l u e s .  T hese  v a r i a b l e s  r o s e  by a com parable  amount in  both  
g r o u p s .  Thus t h e  FFA l e v e l  r o s e  from 86 0  t o  1190 meq/1 in  
t h o s e  w i t h  a r i s e  i n  g l u c o s e ,  wher eas  t h o s e  w i t h  a f a l l  in  
g l u c o s e  r o s e  from 8 5 °  t o  1199 meq/1 w i t h  s i m i l a r  ch an ges  
o c c u r r i n g  in  t h e  group  showing  a f a l l  i n  b lo o d  s u g a r .  Somewhat 
s u r p r i s i n g l y ,  t h e  i n s u l i n  r e s p o n s e  was r e l a t i v e l y  unchanged .  
Mean l e v e l s  in  both  g roups  r o s e  s l i g h t l y  but  d id  not  a l t e r  
















0 co O'­er 4 |LT.1—H
rr h~
co in
















sC rr <M 4-|rr
f -H
C CMco- rr
r H  f|




>—3 'v- C CP h- i-H CM CO CM CM vD OSC E rr r vC CM CO CO sO rr
o  o CM +| CM 4 1 CM 4 | CM 4 j
l-H o CC20 E CO CM +|MC t" +| so 4 |in co 4|in
H H  V  i CM C CO CM cm i-H(J W5  HHCO - H
SC c O .CM sC in o  ©
H H  3 O CM 4 | r H CM 4|h- cm 4 |rr CM 4 ' |  r H
© © CM r H © H f— < »-H © , .COE- CC h  4|CM in 4 |rr i—t 4|CM m +|in«£f r-H f — » •  • •  • • * • •
dc E f-H CM CM CM
& C© cCC r H
nr 05 C O' © in cm i n r H  rrO E CM r H f-H  f-H O CM CO rr
•  • * » •  » •  •
CO. © r H  4 | r H  + | h h  4 1 r H  -r|
©  C rr , .m CO Is- r H  O' Is-  .COH CO CM r| © in +|c in 4|c in 4 | r H
•TT* r —1 r-H •  • •  ■* • * •  »
H E C e c ©w© c«r C
|  r—*
c
H  0 5 co rr co rr r H  vO ©  r H
©  E CM O cm © CM C CO r H
© ♦ * * • •  • •  •
< r  o ©  4| O 4-1 O +1 o 4-1
C lo in O . Is- vC vC O' , oCO r- + r - h  4 |CM CM 4 | r H Is-  4 1 co
f -H  r —1 co f -H  l - H f-H  ^ H f -H  f -H\ f-H f -H f -H
© cr© 0)3 co co Is- >c r H  LO CO ©r- co , .m CM , .COo co +| CO 4-| CO + 1 o  4 - | r H
r H  O rr c O' © cm in O' CM© E CC' O' + j r H C 4 |CM © l|CM O -r|CMCO - H f-H l- Ho o
©  c
0 3  l- H
©
O  0 5 CO CM co vc h- , O rr
‘E O O' +  | r H 0 s  4-| i - H 0 0  + |  r H ©  + | ©
©
H CO
E - 1 s c
U  Ci J H H © bJ -JCU © D2 H •rr* «— <r>H O o IS s ISH O -c © DC DC DC
H H O t—1 O O ©© © s o Z z Z
CjJ
O CO , o C  , CM , .CO L O  , .< r rr 41 r H L O  4 - | r H in 4 |  r H rr 4 |m
©
J o
O h < r DC sc
© s ? H l-H
o K +  Q S C o o














































U J s c




























© © i ;
© © 6
l-H x :
2 0 © U)
c c . 1/3
© s c • lH
© l-H© Q






C / CO 3
«5T. © r Hcn i— CC
© >
©
© s 0 )
Eh © 3

















O' - f | l - H
CO c
f— i
in -t |co 




H »-< +|a- CO -l|C vC +|s0 H  4|sC
CD CM rr r H  LO C  LO








CD sc -; | a CO 4 | C o  -t jco CM +|v O





CM vC +|CD O' +|h - CM +|CM






CD CM +|LO CO *f|co IO + | r H LO +|vD






CD CD I— i h J _J J
CL 3  CC H «?r <r
X  o  rr O S «s 3P
H  CD 2c O CO c r . CC
H H O  »-h o O o
CD ■ -J z : 50 50 50
J







CC CO +  Q 50 P CD
CD O  > O > 50






E~ c r z
H CjJ h h
CD - J CD





















CD CO 0 5
HH CO
5 0 CD 3
z c r
_ J o
r- 1E - 5 0









CD c r *-3
z o 3
HH CD 3















H h Z Q
3 O H -































TABLE 15 INDTVTDUAL RESPONSES TO SMOKING 6 NORMAL CIGARETTES.
COMP IRISOV OF f^lOSF, WHOSE BLOOD SUG\R ROSE WIT!? THOSE 
IN WHOM RLOOD SUG \R FEU OR REM UN CD (JN C HINGED
-
GROUP AGE GLUCOSE FFA ACETO- ACETATE pOH BUYRATE INSULIN
0 130 0 180 0 180 0 180 0 130
CONTROL 45 100 135 748 1070 0 .27 0 .62 1 .17 2 .20 25 21
ft 37 73 106 926 1204 0 .2 0 0 .43 1.10 2 .30 34 37
ft 64 100 117 895 1092 0 .23 0 .4 7 1.04 2 .1 0 18 16
PVD 45 89 107 832 1001 0.12 0 .35 0.65 1.89 26 40
ft 48 74 120 740 3134 0 .2 0 0 .6 0 1.17 2.02 24 81
ft 44 79 100 788 1200 0 .27 0.54 1.30 2 .00 25 12
ft 67 103 131 883 1233 0.24 0 .5 0 1.20 1.92 32 33
ANGIN\ 44 106 125 «52 1274 0 .3 0 0 .62 1.30 1.92 10 13
ft 41 98 113 930 1303 0 .32 0 .5 8 1 .70 2 .50 25 30
91 117 860 1190 0.25 0 .52 1.18 2 .09 24 31
CONTROL 48 119 106 699 943 0.23 0.54 1.06 2 .7 0 31 33
ft 54 100 80 817 1150 0 .23 0 .5 9 1.10 3 .1 0 21 30
PVD 55 38 75 768 1070 0 .27 0.55 1.03 2 .3 0 27 33
ft 53 91 69 856 1009 0 .2 0 0.51 0.94 2 .38 19 14
ANGINA 39 91 76 1094 1805 0 .47 0 .7 3 1.97 3 .3 0 14 12
ft 46 82 70 972 1324 0 .1 6 0 .43 0 .8 0 2 .07 12 27
ft 53 87 96 810 1090 0 .23 0 .43 1.04 2 .2 0 35 37
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( 1 2 0 )
CHAPTER TEN
EFFECT OF CIGARETTE SMOKING ON 
URINARY CATECHOLAMINES
C i g a r e t t e  and c i g a r  smoking in  man, as  w e l l  as  t h e  i n j e c t i o n
o f  n i c o t i n e  in  e x p e r i m e n t a l  a n i m a l s ,  have been shown t o  i n c r e a s e
F8
u r i n a r y  c a t e c h o l a m i n e  e x c r e t i o n .  Kershbaum ( 1 9 6 8 )  found a r i s e  in
t o t a l  c a t e c h o l a m i n e s  w i t h  n o r a d r e n a l i n e  i n c r e a s i n g  l e s s  than
132
a d r e n a l i n e ,  w h i l e  Watts  ( 1 9 6 0 )  r e p o r t e d  a predominant  i n c r e a s e  in  
u r i n a r y  a d r e n a l i n e  r a t h e r  than  n o r a d r e n a l i n e  f o l l o w i n g  heavy  
c i g a r e t t e  smoking in  h e a l t h y  young a d u l t  m a l e s .
A s e r i e s  o f  s t u d i e s  were t h e r e f o r e  u nder ta ken  t o  measure ch an ges  
in  u r i n a r y  a d r e n a l i n e  and n o r a d r e n a l i n e  i n  s u b j e c t s  w i t h  and w i t h o u t  
v a s c u l a r  d i s e a s e  produced as a c o n s e q u e n c e  o f  c i g a r e t t e  smoking.
The e f f e c t  o f  s u b c u t a n e o u s  a d r e n a l i n e  on l e v e l s  o f  FFA and k e t o n e  
b o d i e s  was a l s o  s t u d i e d .
Study A To a s s e s s  t h e  e f f e c t s  o f  c i g a r e t t e  smoking on l e v e l s  o f  
u r i n a r y  c a t e c h o l a m i n e s .
1 .  The e f f e c t  o f  smoking 2 low n i c o t i n e  or  2 normal  
n i c o t i n e  c o n t e n t  c i g a r e t t e s  in  c o n t r o l  s u b j e c t s  and in  
s u b j e c t s  3 weeks  a f t e r  m y o c a r d ia l  i n f a r c t i o n .
2 .  The e f f e c t  o f  smoking 6 low n i c o t i n e  or  6 normal  
n i c o t i n e  c o n t e n t  c i g a r e t t e s  in  c o n t r o l  s u b j e c t s  and in  
s u b j e c t s  w i t h  an g in a  o r  PVD.
C o n t r o l  s u b j e c t s  were a l l  male and had no h i s t o r y  or  c l i n i c a l  
f e a t u r e s  o f  CHD or PVD. Those  s u b j e c t s  who had s u s t a i n e d  a r e c e n t  
m y o c a r d ia l  i n f a r c t i o n  were a l l  male ,  had smoked moie than  20 c i g a r e t t e s
(121)
d a i l y  b e f o r e  i n f a r c t i o n  and had resumed smoking 5 - 1 0  c i g a r e t t e s  
d a i l y .
The s t u d y  was co n d uc ted  as f o l l o w s .  S u b j e c t s  were f a s t e d  
o v e r n i g h t .  In t h e  morning t h e  b la d d e r  was em pt ie d  and s u b j e c t s  
then e i t h e r  d id  not  smoke or  smoked 2 low n i c o t i n e  or  2 normal  
n i c o t i n e  c o n t e n t  c i g a r e t t e s  f o r  10 m in u t e s  each w i t h  a 5 minute  
i n t e r v a l  b e t w e e n .  Two hundred ml o f  w a t e r  were drunk each hour  
and a f t e r  2 hours  t h e  b la d d e r  was a g a in  empt ied  and t h e  u r i n e  
c o l l e c t e d  i n t o  a sm a l l  volume o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d .  
Measurement o f  u r i n a r y  a d r e n a l i n e  and n o r a d r e n a l i n e  were done as
84
d e s c r i b e d  by L o r im er ,  McFarlane,  Provan ,  D u f fy  and Law rie  ( 1 9 7 1 ) .
A s i m i l a r  p r o t o c o l  was f o l l o w e d  f o r  smoking 6 c i g a r e t t e s .
These  were smoked o v e r  a 3 hour p e r i o d  w i t h  t h e  b l a d d e r  b e i n g  
empt ied  b e f o r e h a n d  and 200 ml o f  w a te r  a g a in  b e i n g  drunk h o u r l y .
The r e s u l t s  ( T a b le s  1 6 A and B, F i g u r e  12)  show t h a t  t h e r e  i s  
no apparen t  d i f f e r e n c e  in r e s t i n g  u r i n a r y  c a t e c h o l a m i n e  l e v e l s  in  
c o n t r o l  s u b j e c t s  and s u b j e c t s  f o l l o w i n g  a r e c e n t  m y o c a r d ia l  i n f a r c t i o n .  
Such s u b j e c t s  have s i g n i f i c a n t l y  d i f f e r e n t  r e s t i n g  FFA l e v e l s  and t h e  
f a i l u r e  o f  u r i n a r y  c a t e c h o l a m i n e s  t o  d i f f e r e n t i a t e  between  them c o u ld  
be a r e f l e c t i o n  o f  t h e  smal l  amount o f  t h e  b o d y ' s  c a t e c h o l a m i n e  p o o l  
t h a t  i s  broken down and e x c r e t e d  in  t h e  u r i n e  so  t h a t  sm a l l  ch an ges  
may not be d e t e c t a b l e  by t h e  t e c h n i q u e  u s e d .  There was no e v i d e n c e  
t h a t  c o n t r o l  s u b j e c t s  i n c r e a s e d  u r i n a r y  c a t e c h o l a m i n e s  a f t e r  smoking  
2 low n i c o t i n e  or  2 normal c i g a r e t t e s .  Nor was t h e r e  any te n d e n c y  
( g i v e n  t h e  l i m i t a t i o n s  o f  u r i n a r y  c a t e c h o l a m i n e  m easurem en ts )  f o r  
p o s t  i n f a r c t i o n  s u b j e c t s  t o  have an i n c r e a s e d  u r i n a r y  c a t e c h o l a m i n e
( 1 2 ? )
e x c r e t i o n  a f t e r  smoking 2 normal c i g a r e t t e s  a l t h o u g h  t h i s  s t i m u l u s  
had p r e v i o u s l y  been shown t o  c a u s e  an enhanced r e l e a s e  o f  FFA. The 
e f f e c t  o f  smoking 6 normal c i g a r e t t e s  was not  i n v e s t i g a t e d  on p o s t  
i n f a r c t i o n  s u b j e c t s .  I t  was f e l t  u n d e s i r a b l e  f o r  them t o  smoke in  
such a c o n c e n t r a t e d  f a s h i o n  so  soon a f t e r  t h e i r  a c u t e  e p i s o d e .
Smoking 6 normal c i g a r e t t e s  r e s u l t e d  in  a s i g n i f i c a n t  (P 0 . 0 1 )  
i n c r e a s e  in  both u r i n a r y  a d r e n a l i n e  and n o r a d r e n a l i n e  in  c o n t r o l  
s u b j e c t s ,  t h o s e  w i t h  PVD and t h o s e  w i t h  CHD m a n i f e s t  by a n g i n a .
In a l l  groups t h e  i n c r e a s e  was o f  a s i m i l a r  amount.  No group had a
g r e a t e r  r e s p o n s e  than a n o t h e r  and in  a d d i t i o n  ch a n g es  in  n o r a d r e n a l i n e  
and a d r e n a l i n e  were s i m i l a r  among t h e  g r o u p s .
O v e r a l l  t h e r e f o r e  i t  would appear t h a t  ch a n g es  in  
s y m p a t h e t i c - a d r e n o m e d u l l a r y  r e s p o n s e s  produced by c i g a r e t t e  smoking  
can be r e f l e c t e d  in  u r i n a r y  c a t e c h o l a m i n e  l e v e l s  p r o v id e d  t h e  
s t i m u l u s  i s  s u f f i c i e n t .  The r e s p o n s e  i s  s i m i l a r  in  a l l  t h e  c l i n i c a l  
s i t u a t i o n s  s t u d i e d .  The r e s p o n s e  t o  smoking 6 c i g a r e t t e s  r e f l e c t s  
t h e  s i m i l a r i t y  o f  FFA and k e t o n e  body l e v e l  ch a n g es  a f t e r  s i m i l a r  
e x p o s u r e  in  s u b j e c t s  w i t h  PVD or a n g i n a .
( 1 2 3 )
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EFFECT OF CIGARETTE SMOKING ON INDIVIDUAL 
FREE FATTY ACID AND TRIGLYCERIDE FATTY ACID LEVELS
The s t u d i e s  o u t l i n e d  in  p r e v i o u s  c h a p t e r s  have shown t h a t  
FFA v a l u e s  i n c r e a s e  a f t e r  c i g a r e t t e  smoking .  T h is  change i s  found  
in  a l l  s u b j e c t s  a l t h o u g h  t h e  e x t e n t  o f  t h e  r e s p o n s e  may v a r y .  I t  
was d e c i d e d  t o  f u r t h e r  i n v e s t i g a t e  t h i s  ch an ge  by m ea sur in g  l e v e l s  o f  
i n d i v i d u a l  f a t t y  a c i d s  t o  d e t e r m i n e  w h eth er  or  not  t h e  o v e r a l l  chan ge  
in  FFA l e v e l s  was due t o  a g e n e r a l  i n c r e a s e  in  FFA v a l u e s  or w h eth er  
t h e r e  was a s e l e c t i v e  i n c r e a s e  in  one or  more o f  t h e  i n d i v i d u a l  f a t t y  
a c i d s .  In a d d i t i o n  t o  m e a su r in g  t h e  l e v e l s  o f  i n d i v i d u a l  FFA t h e  
o p p o r t u n i t y  was a l s o  ta k en  t o  measure l e v e l s  o f  i n d i v i d u a l  f a t t y  
a c i d s  o f  th e  t r i g l y c e r i d e  f r a c t i o n  t o  a s s e s s  w h eth er  or  not  c h a n g es  
o c c u r red  in  them as a c o n s e q u e n c e  o f  smoking ev en  a l t h o u g h  t o t a l  
t r i g l y c e r i d e  l e v e l s  d id  not  ap pear t o  c h a n g e .
S tu dy \ To a s s e s s  t h e  e f f e c t  o f  smoking 6 normal c i g a r e t t e s  
on FFA and t r i g l y c e r i d e  f a t t y  a c i d  p a t t e r n s .
E ig h t  male s u b j e c t s  were s t u d i e d  ( a g e  range  3 6 - 6 2  y e a r s ,  mean
4 9  y e a r s ) .  Four s u b j e c t s  had CHD as m a n i f e s t  by a n g i n a ,  2 had PVD
and 2 had i n d i o p a t h i c  h y p e r t e n s i o n .  S u b j e c t s  were f a s t e d  o v e r n i g h t .  
F o l l o w i n g  i n s e r t i o n  o f  a venous  c a n n u l a ,  a 30 ml sample was taken  
w i t h  l i t h i u m  h e p a r i n .  Each s u b j e c t  th en  smoked 1 normal c i g a r e t t e  
e v e r y  30 m in u t e s  f o r  3 h o u r s ,  f o l l o w i n g  which a f u r t h e r  ven ous  sample
was o b t a i n e d .  Plasma FFA and t r i g l y c e r i d e  f a t t y  a c i d  p a t t e r n s  were
(12 7)
measured by t h e i r  l a y e r  and gas  l i q u i d  ch rom atography as 
d e s c r i b e d  under m e th ods .
C14 -  m y r i s t a t e  C16 = p a l m i t a t e  C16.1  = p a l m i t o l e a t e
C18 -  s t e a r a t e  C18.1  -  o l e a t e  C 1 8 .2  -  l i n o l e a t e
The r e s u l t s  are  shown in T a b l e s  17A and B.
The p r i n c i p a l  f a t t y  a c i d s  found in each f r a c t i o n  were  
p a l m i t a t e  and th e  u n s a t u r a t e d  o l e a t e .  No ch ange was found in t h e  
p r o p o r t i o n s  o f  i n d i v i d u a l  f a t t y  a c i d s  a f t e r  smoking e i t h e r  in  terms  
o f  FFA or t r i g l y c e r i d e  f a t t y  a c i d s .
I t  seems l i k e l y  t h a t  t h e  i n c r e a s e  in  FFA found a f t e r  
c i g a r e t t e  smoking a f f e c t s  a l l  f a t t y  a c i d s  and not one or  two 
s e l e c t i v e l y .  I t  a l s o  seems l i k e l y  t h a t  t h e  a b s e n c e  o f  an e f f e c t  on 
t r i g l y c e r i d e  v a l u e s  from c i g a r e t t e  smoking does  not  c o n c e a l  any 
change in  t h e  f a t t y  a c i d  m o i e t i e s  o f  t h e  t r i g l y c e r i d e  f r a c t i o n .
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EFFECT OF GLYCEROL INFUSION ON FFA LEVELS
T his  c h a p t e r  d e s c r i b e s  s t u d i e s  u nder ta ken  t o  measure  
FFA and t r i g l y c e r i d e  v a l u e s  f o l l o w i n g  g l y c e r o l  i n f u s i o n .  When 
t h e  Do le  method was used f o r  FFA measurement  an u n e x p e c t e d  
r i s e  f o l l o w i n g  g l y c e r o l  was fo u n d .  The mechanisms i n v o l v e d  
in  t h i s  f i n d i n g  are  d i s c u s s e d  in  a l a t e r  c h a p t e r .
STUDY A TO ASSESS THE EFFECT OF INFUSION OF 50 ML NORMAL 
SALINE ON LEVELS OF FFA AND GLYCEROL
S i x  s u b j e c t s  were s t u d i e d .  Al l  were m ale ,  age  range
3 0 - 5 6  y e a r s ,  mean 46 y e a r s .  T h e i r  d i a g n o s e s  were i d i o p a t h i c  
h y p e r t e n s i o n  ( 4 )  and m i t r a l  v a l v e  d i s e a s e  ( 2 ) .  A f t e r  an 
o v e r n i g h t  f a s t  an i n t r a v e n o u s  ca n n u la  was i n s e r t e d  as b e f o r e .
A b a s a l  sample was ta k en  and 50 ml o f  normal  s a l i n e  was i n f u s e d  
s l o w l y  o v e r  5 m i n u t e s .  Venous sam ples  were taken  a t  10 m inute  
i n t e r v a l s  ( t im ed  from t h e  m i d - p o i n t  o f  t h e  i n j e c t i o n )  f o r  
60 m i n u t e s .
The r e s u l t s  ( T a b le  10) show t h a t  t h e r e  was no change in  
l e v e l s  o f  e i t h e r  FFA or g l y c e r o l  s u g g e s t i n g  t h a t  a s a t i s f a c t o r y
s t e a d y  s t a t e  had been e s t a b l i s h e d ,
STUDY B TO ASSESS THE EFFECT OF INFUSION OF 50 ML 10°'
GLYCEROL ON LEVELS OF PLASMA FFA AND GLYCEROL
T h i r t e e n  s u b j e c t s  were s t u d i e d .  A l l  were m a le ,  age  range  
3 0 - 6 0  y e a r s ,  mean 49 y e a r s .  T h e i r  d i a g n o s e s  were s y s t e m i c
( 1 3 1 )
h y p e r t e n s i o n  ( 4 ) ,  m i t r a l  v a l v e  d i s e a s e  ( 2 ) ,  ang ina  p e c t o r i s  
due t o  CUD ( 3 )  and PVD ( 4 ) .  \ f t e r  an o v e r n i g h t  f a s t  and 
t h e  i n t r o d u c t i o n  o f  a venous  c a n n u l a ,  50  ml o f  10% g l y c e r o l  were  
i n f u s e d  o v e r  5 m i n u t e s .  A sample  was ta k en  a t  5 and 10 m in u t e s  and 
t h en  at  10 m inute  i n t e r v a l s  f o r  40 m i n u t e s .  I n i t i a l  s t u d i e s  
showed a r i s e  in FFA v a l u e s  a f t e r  g l y c e r o l  i n f u s i o n  when t h e  Dole  
method was u s e d .  A c c o r d i n g l y ,  in  t h e  c u r r e n t  i n v e s t i g a t i o n  both  
D ole  and B o e h r i n g e r  methods were used t o  measure FFA v a l u e s .
The r e s u l t s  ( T a b le  19 and F i g u r e  1 3 )  show t h a t  t h e  peak 
v a l u e  f o r  g l y c e r o l  i s  found at  5 m i n u t e s  and t h a t  v a l u e s  then  
f a l l  e x p o n e n t i a l l y .  F re e  f a t t y  a c i d s  as measured by th e  Do le  
method r i s e  w i th  t h e  maximum v a l u e s  b e i n g  found 5 - 1 0  m inutes  
a f t e r  i n f u s i o n  w her ea s  a f a l l  o c c u r s  when t h e  B o e h r i n g e r  method 
i s  u s e d .  The l a t t e r  would be t h e  e x p e c t e d  r e s p o n s e  s i n c e  
g l y c e r o l  i s  l a r g e l y  m e t a b o l i s e d  t o  g l u c o s e  which in tu rn  i s  
known t o  d e p r e s s  FFA l e v e l s .
I t  was f e l t  l i k e l y  t h a t  t h i s  u n e x p e c te d  r e s u l t  was 
t e c h n i c a l  and perhaps a s s o c i a t e d  w i th  g l y c e r o l .  However,  t h e  e f f e c t  
o f  smoking 2 normal  c i g a r e t t e s  on l i p o l y s i s  was r e c h e c k e d  u s i n g  3 
methods o f  FFA measurement ,  ( D o l e ;  T r o u t ,  E s t e r  and F r i e d b e r g  
and Boehringer) .  N ine  s u b j e c t s  were s t u d i e d  and t h e  r e s u l t s  are  
shown in  Tab,ie 2Q A l l  methods used show an i n c r e a s e  in  FFA 
l e v e l s  f o l l o w i n g  c i g a r e t t e  smoking w i t h  t h e  r e s p o n s e  b e i n g
s i m i l a r  f o r  each method.
(1 3 2 )
TABLE 10 EFFECT OF SALINE INFUSION ON FFA LEVELS (Mean + SD)
Time
(min)
FFA ( D o l e )  
u eq /1
F r e e  G l y c e r o l  
m g /100 ml
0 969 + 251 1 . 1  ±  . 2
10 96 0  + 245 1 . 2  ±  . 2
20 956 ±  244 1 . 1  + . 2
30 962 + 244 1 . 1  + . 2
40 980  + 231 1 . 2  + .2
50 969 + 230 1 . 2  + . 2





TABLE 19 EFFECT OF GLYCEROL INFUSION ON FFA AND GLYCEROL LEVELS 
(Mean 4  SD)
Time 
(m in )
FFA ( D o l e )  
u eq /1
FFA ( B o e h r i n g e r )  
u eq /1
F r e e  G l y c e r o l  
mg/100  ml
0 634 + 192 615 + 171 1 . 5  + . 6
5 80 9  + 211 551 ±  212 8 . 8  4  3 . 6
10 832 ±  225 534 ±  223 6 . 4  4  3 . 4
20 79 6  + 195 559 + 238 4 . 1  4  2 . 4
30 726 + 214 552 +  207 2 . 7  ±  1 . 7
40 681 + 201 546 4  176 2 . 1  4  1 . 4
TABLE 20 EFFECT OF SMOKING 2 NORMAL CIGARETTES ON FFA LEVELS AS 
MEASURED BY METHODS OF ( a )  DOLE ( b )  TROUT, ESTES AMD 
FRIEDDERG AND ( c )  BOEHRINGER (Mean + SD)
Method FFA u eq /1 15 30 45 60
Dole 701 4  198 761 4  174 781 4  200 787  ±  210 733 4  203
T r o u t ,  E s t e s ,  F r i e d b e r g 693 4  199 747 4  213 78 9  4  224 773 ±  221 713 4  193













































































RATE OF GLYCEROL. REMOVAL AND THE EFFECT 
OF CIGARETTE SMOKING
Fre e  f a t t y  a c i d  and g l y c e r o l  l e v e l s  in  t h e  b lo o d
i n c r e a s e  as  a c o n s e q u e n c e  o f  l i p o l y s i s .  The p r e v i o u s  s t u d i e s
Rev-’*d e s c r i b e d  showed t h a t  r i s e d  l e v e l s  o f  FFA found a f t e r  smoking  
were a s s o c i a t e d  w i t h  i n c r e a s e d  k e t o n e  body f o r m a t i o n .  I t  was 
d e c i d e d  to  i n v e s t i g a t e  t h e  d i s a p p e a r a n c e  r a t e  o f  g l y c e r o l  from 
t h e  plasma and w h eth er  or  not t h i s  was i n f l u e n c e d  by c i g a r e t t e  
smoking.
122 112 
T i b b l i n g  ( 1 9 6 9 )  and S e n i o r  and L or idan  ( 1 ° 6 8 )  s u g g e s t e d
t h a t  t h e  r a t e  o f  removal  o f  i n t r a v e n o u s l y  a d m i n i s t e r e d  g l y c e r o l
c o u l d  be e x p r e s s e d  as a s i n g l e  e x p o n e n t i a l .  T h i s  was a l s o
found in  t h e  p r e s e n t  s t u d y .  F i g u r e  Id i s  composed o f  da ta
o b t a i n e d  from 24 s u b j e c t s .  In each 5 0  ml o f  g l y c e r o l  were
i n f u s e d  a f t e r  o b t a i n i n g  a b a s a l  sample w i t h  su b s e q u e n t  s e r i a l
samp les  b e i n g  w i th draw n.  Net g l y c e r o l  v a l u e s  were o b t a i n e d  by
s u b t r a c t i n g  t h e  b a s a l  v a l u e  from t h a t  found at  each t i m e  i n t e r v a l
a f t e r  g l y c e r o l  i n f u s i o n .  Mean v a l u e s  were p l o t t e d  on s e m i -
l o g a r i t h m i c  paper and t h e  l i n e  o f  b e s t  f i t  drawn.  I n d i v i d u a l
g l y c e r o l  TV> v a l u e s  have a l s o  been p l o t t e d  a g a i n s t  f a s t i n g
c h o l e s t e r o l  and t r i g l y c e r i d e  v a l u e s  ( F i g u r e s  15 and 16) .  L i t t l e
r e l a t i o n s h i p  was found between them.  Mean f a s t i n g  g l y c d r o l
v a l u e s  and mean r a t e  o f  g l y c e r o l  removal  were a l s o  o b t a i n e d  f o r
(135)
t h e s e  s u b j e c t s  whose f a t t y  t r i g l y c e r i d e  v a l u e s  were  above
and b e lo w  125 mg/100 ml .  There was a g a in  no d e f i n i t e  r e l a t i o n s h i p
between  them (T a b le  21 ) .
The e f f e c t  o f  c i g a r e t t e  smoking on t h e  r a t e  o f  removal  
o f  g l y c e r o l  from serum was s t u d i e d  b e f o r e  and d u r in g  c i g a r e t t e  
smoking in 7 male s u b j e c t s  ( a g e  ran ge  3 4 - 4 8  y e a r s ,  mean 42 y e a r s ) .  
\11  were s u f f e r i n g  from PVD. S t u d i e s  were done on c o n s e c u t i v e  
days  a f t e r  an o v e r n i g h t  f a s t  and th en  i n s e r t i o n  o f  a venous  
c a n n u l a .  On one day 50 ml o f  10% g l y c e r o l  were i n f u s e d  and 
s e r i a l  venous  samples  o b t a i n e d  as  b e f o r e .  On t h e  o t h e r  day  
(which c o u l d  be e i t h e r  day 1 or  day 2 )  t h e  g l y c e r o l  was a g a in  
i n f u s e d  w i th  each s u b j e c t  th en  smoking 1 normal n i c o t i n e  
c o n t e n t  c i g a r e t t e  e v e r y  20 min utes  f o r  1 hour .
R e s u l t s  are  shown in  T a b le  2 2 .  \  w ide  range  o f  v a l u e s  f o r
g l y c e r o l  T^ was found but  t h e r e  was no ch an ge  in  t h e  r a t e  o f  
removal  as a c o n s e q u e n c e  o f  c i g a r e t t e  smoking.
( I ’ M FIGURE 14
1 0 - 0 1  
8-0 J
6 - o ;
4 0  <
2-0 <
N e t
G l y c e r o l  
rng | l 0 0 m l
1 0 <
Serum G l y c e r o l  v a l u e s  f o l l o w i n g  inj ec t i on  
of  5 0 m l  10%  G l y c e r o l  a)  To. ( All v a l u e s - T o )
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TABLE 21 RATE OF REMOVAL OF GLYCEROL WHEN FASTING TRIGLYCERIDE
ABOVE OR BELOW 125 MG/100 ML
Group No. Age F a s t i n g  TGL
G l y c e r o l  
(m g/1 00  ml)  
TO
G l y c e r o l  
TV> (min)
F a s t i n g  TGL 
125 mg/100 ml 11 46 + 10 71 + 23 1 . 1 4  4 . 4 5 1 5 . 5  + 6 . 8
F a s t i n g  TGL 
125 mg/100 ml 17 CO 1+ C
O 173 ±  42 1 . 3 3  + .74 1 4 . 9  + 5 . 1
TABLE 22 EFFECT OF CTGARETTE SMOKING ON RATE OF REMOVAI
OF GLYCEROL
S u b j e c t G l y c e r o l  TM (m in)
B e f o r e  Smoking During Smoking
1 1 3 . 0 1 5 . 0
2 1 5 . 5 1 9 . 5
3 2 6 . 0 2 9 . 5
4 9 . 0 9 . 0
5 3 1 . 5 2 5 . 0
6 2 3 . 5 2 3 . 0
7 2 0 . 0 1 7 . 5
Mean 1 9 . 7 1 9 . 5
4 - + +
SD 7 . 8 7 . 2
( 1 4 0 )
CHAPTER FOURTEEN
THE EFFECT OF INTRAVENOUS TNFUSION OF GLYCEROL ON THE 
VALUES OBTAINED BY DIFFERENT ANALYTICAL PROCEDURES FOR 
THE PLASMA CONCENTRATIONS OF UNESTERIFIED FATTY ACIDS
INTRODUCTION
25
The method d e v i s e d  by D o le  ( 1 9 5 6 )  f o r  d e t e r m i n i n g  t h e  
c o n c e n t r a t i o n  o f  u n e s t e r i f i e d  f a t t y  a c i d s  i s  known t o  be
39
s u b j e c t  t o  c e r t a i n  e r r o r s  (Gordon, Cherkes  and G at es  1957;
124
T r o u t ,  E s t e s  and F r i e d b e r g  1 9 6 0 ) .  A ccord ing  to  Trout
e t  a l  ( 1 9 6 0 )  t h e  l a c t i c  a c i d  and p h o s p h o l i p i d s  p r e s e n t  in
25
normal f a s t i n g  plasma can i n t e r f e r e  w i th  t h e  Dole  ( 1 9 5 6 )  
method t o  t h e  e x t e n t  t h a t  a p o s i t i v e  e r r o r  o f  about  5.5% 
i s  i n t r o d u c e d  i n t o  t h e  v a l u e s  o b t a i n e d  f o r  plasma  
u n e s t e r i f i e d  f a t t y  a c i d  l e v e l s ;  t h i s  e r r o r  i n c r e a s e d  as t h e  
p i  asma l a c t i c  a c i d  i n c r e a s e d  w i t h  e x e r c i s e ,  p s y c h o l o g i c a l  
s t r e s s  or  d i a b e t e s .  In a s tu d y  o f  t h e  m e t a b o l i s m  o f  g l y c e r o l  
in  normal  s u b j e c t s  and in  p a t i e n t s  w i th  m y o c a r d ia l  i n f a r c t i o n  
or p e r i p h e r a l  v a s c u l a r  d i s e a s e ,  i t  was d i s c o v e r e d  t h a t  in  
plasma samples  o b t a i n e d  a f t e r  t h e  i n t r a v e n o u s  i n f u s i o n  o f  
g l y c e r o l ,  a p o s i t i v e  e r r o r  o f  up t o  200% was i n t r o d u c e d
i n t o  t h e  v a l u e s  f o r  t h e  c o n c e n t r a t i o n s  o f  u n e s t e r i f i e d  f a t t y
25
a c i d s  d e te rm in ed  by t h e  D o le  ( 1 9 5 6 )  p r o c e d u r e .  An i n v e s t i g a t i o n  
o f  t h i s  v er y  l a r g e  e r r o r  i s  now r e p o r t e d .
( 1 4 1 )
METHODS USED IN THE INVESTIGATION OF RAISED FFA LEVELS
AFTER GLYCEROL INFUSION
FREE FATTY ACIDS
In v i e w  o f  t h e  d i s a g r e e m e n t  between t h e  r e s u l t s  o b t a i n e d  
by t h e  d i f f e r e n t  m ethods ,  t h e s e  w i l l  be d e s c r i b e d  in some 
d e t a i 1.
TITRIMETRIC METHOD
25
The method o f  D o le  ( 1 9 5 6 )  was one o f  t h e  two t i t r i m e t r i c  
p r o c e d u r e s  used in  t h e  i n v e s t i g a t i o n .
1 . 0  ml o f  plasma was shaken v i g o r o u s l y  w i t h  5 . 0  ml 
o f  i s o p r o p y l  a l c o h o l - h e p t a n e - N H 9 S 0 /j ( 4 0 : 1 0 : 1 ,  by v o l )  
and th en  a l l o w e d  t o  s ta nd  f o r  10 min.  T h i s  one phase  
s y s tem  was th en  t r a n s f o r m ed  i n t o  a two phase  s ys te m  
by t h e  a d d i t i o n  o f  3 . 0  ml o f  w a te r  and a f u r t h e r  2 . 0  
h e p t a n e .  3 . 0  ml o f  t h e  upper phase  o f  h e p t a n e ,  
c o n t a i n i n g  t h e  plasma u n e s t e r i f i e d  f a t t y  a c i d  f r a c t i o n ,  
was added t o  1 . 0  ml o f  0.01% ( w / v )  thymol  b l u e  in  
e t h a n o l - w a t e r  ( 9 0 : 1 0 ,  v / v )  and t i t r a t e d  w i t h  0 . 0 1 8  
NaOH w h i l e  a s tr ea m o f  N2 was p a s s ed  through  t h e  m i x t u r e .
25
As p o i n t e d  ou t  by D o le  ( 1 9 5 6 ) ,  t h i s  method c a n n o t  be  
reg a rd ed  as  b e i n g  c o m p l e t e l y  s p e c i f i c  f o r  u n e s t e r i f i e d  f a t t y  a c i d s .  
Any a c i d i c  component o f  t h e  plasma t h a t  p a s s e s  i n t o  t h e  h ep ta n e  
pha se  w i l l  be d e te rm in e d  as " u n e s t e r i f i e d  f a t t y  a c i d s " .  However,
(142)
25
D o le  ( 1 % 6 )  was a b l e  t o  show t h a t  t h e  a d d i t i o n  o f  a - k e t o g l u t a r i c , 
J l - h y d r o x y b u t y r i c , i n d o l e  a c e t i c ,  s u c c i n i c ,  g l y c e r o p h o s p h o r i c , 
c i t r i c ,  m a l i c ,  a s c o r b i c  or  p y r u v i c  a c i d s  t o  plasma r e s u l t e d  in  
n e g l i g i b l e  i n c r e a s e s  in  t h e  t i t r a t a b l e  a c i d i t y  o f  t h e  h ep ta n e  
p h a s e .  Moreover,  when plasma was u l t r a f i l t e r e d  through a 
c o l l o d i o n  membrane, and t h e  f i l t r a t e  s u b m i t t e d  t o  t h e  
e x t r a c t i o n  p r o c e d u r e ,  o n l y  about  5% o f  t h e  o r i g i n a l  t i t r a t a b l e  
a c i d i t y  was found in  t h e  h ep ta n e  p h a s e .  In a d d i t i o n ,  plasma  
was f r a c t i o n a t e d  in  a p r e p a r a t i v e  u l t r a c e n t r i f u g e ;  t i t r a t a b l e
a c i d i t y  was found o n l y  in  t h e  h e p ta n e  phas e  d e r i v e d  from t h e
25
albumin f r a c t i o n .  On t h e  b a s i s  o f  t h i s  e v i d e n c e ,  D o le  ( 1 9 5 6 )  
c o n c lu d e d  t h a t  t h e  u n e s t e r i f i e d  f a t t y  a c i d  f r a c t i o n  in  t h e  
plasma r e p r e s e n t e d  by f a r  t h e  major p r o p o r t i o n  o f  t h e  a c i d i c  
m a t e r i a l  t h a t  p a s s e d  i n t o  t h e  h e p ta n e  phas e  d u r in g  t h e  
e x t r a c t i o n  p r o c e d u r e .
MODIFIED TITRIMETRIC METHOD
39
Mainly  b e c a u s e  o f  r e p o r t s  (Gordon 1957; F r e d r i c k s o n  and
35
Gordon 1958 )  t h a t  e l e v a t e d  l e v e l s  o f  plasma l a c t a t e  i n t e r f e r e d
w i t h  t h e  d e t e r m i n a t i o n  o f  t h e  c o n c e n t r a t i o n  o f  plasma u n e s t e r i f i e d
25
f a t t y  a c i d s  by t h e  method o f  D o le  ( 1 9 5 6 ) ,  t h i s  p ro c e d u re  was
124
m o d i f i e d  by T r o u t ,  E s t e s  and F r i e d b e r g  ( 1 9 6 0 ) .  The method o f  
Trout  e t  a l  ( 1 9 6 0 )  was t h e  second  o f  t h e  two t i t r i m e t r i c  
methods u s e d .
2 . 0  ml o f  plasma was shaken v i g o r o u s l y  w i t h  1 0 . 0  ml i s o p r o p y l  
a l c o h o l - h e p t a n e - N H 9S 0 ^ ( 4 0 : 10:1 by v o l )  and th en  a l l o w e d  
t o  s ta n d  f o r  10 min.  6 . 0  ml h e p ta n e  and 4 . 0  ml w a te r
( M 3  )
were added and t h e  m ix t u r e  was a g a in  shaken and then  
a l l o w e d  t o  s tan d  u n t i l  c o m p l e t e  s e p a r a t i o n  o f  t h e  
two p h a s e s  o c c u r r e d .  'In a l i q u o t  ( 4 . 0  ml)  o f  t h e  
upper h e p ta n e  l a y e r  was shaken v i g o r o u s l y  w i t h  an equa l  
volume o f  0.05% Ho S0^ ( v / v )  and t h e  m i x tu r e  was th en  
c e n t r i f u g e d  a t  300  x g f o r  5 min.  3 . 0  ml o f  t h e  
washed h e p ta n e  phas e  and 1 . 0  ml o f  0.01% thymol  b l u e  ( w / v )  
in  e t h a n o l - w a t e r  ( 9 0 : 1 0  v / v )  were t i t r a t e d  w i th  
0.018 N NaOH in an at m osp here  o f  
124
Trout  e t  a l  ( 1 9 6 1 )  p r e s e n t e d  e v i d e n c e  t h a t  t h e  i n t r o d u c t i o n  o f  
t h e  s t e p  i n v o l v i n g  t h e  w a sh ing  o f  t h e  h e p ta n e  l a y e r  w i t h  0.05%
Ho S0^ re duce d  t h e  i n t e r f e r e n c e  from plasma l a c t a t e  and plasma  
p h o s p h o l i p i d s .
The c o n c e n t r a t i o n s  o f  l a c t i c  a c i d  were d e te rm in ed  in  two
10
samples  o f  plasma by t h e  method o f  Barker and Summerson ( 1 9 4 1 ) .
P o r t i o n s  o f  each o f  t h e s e  plasma samples  were then  e x t r a c t e d  e i t h e r
by Do le  ( 1 9 5 6 )  p ro ce d u re  or by t h e  Trout  e t  a l  ( 196o V p r o c e d u r e
and t h e  c o n c e n t r a t i o n s  o f  l a c t i c  a c i d  d e t e r m in e d  in  t h e  unwashed
or washed h e p t a n e  p h a s e s .  Measured vo lum es  o f  t h e  h ep ta n e  p h a s e s
were e v a p o r a t e d  under a s tr ea m  o f  a i r  at  room t e m p e r a t u r e  and
t h e  r e s i d u e  ta k en  up in  w a t e r ,  t r e a t e d  w i t h  Ba(0H)9 and
ZnSO,,  and f i l t e r e d .  The f i l t r a t e  was a n a l y s e d  f o r  l a c t i c  
4 10
a c i d  by t h e  method o f  Barker and Summerson ( 1 9 4 1 ) .  \ b o u t  2,0% 
o f  t h e  t o t a l  plasma l a c t i c  a c i d  was found in  t h e  unwashed  
h e p t a n e  p h a s e ,  whereas  o n l y  about  0,35% was found in  t h e  washed  
h e p ta n e  p h a s e .
Tot.nl p ln snn  l i p i d s  were s e p n r n t e d  i n t o  p h o s p h o l i p i d s
ond n o n - p h o s p h o l i p i d s  by chrom ato graphy  on n column o f  s i  l i e
49
n c i d  (H ir s c h  nnd \ h r e n s  1 9 5 8 ) .  The p h o s p h o l i p i d  f r a c t i o n  was
28
e x t r a c t e d  by t h e  D o le  (1 9 5 6 )  p r o c e d u r e  and t h e  unwashed hep ta n  
pha se  found t o  have a p p r e c i a b l e  t i t r a t a b l e  a c i d i t y ;  t h i s  was 
m arkedly  reduce d  when t h e  h e p ta n e  p h a s e  was washed w i t h  
0.05°', HgSO^ .
Two l a r g e  sam ples  o f  plasma were e x t r a c t e d  by t h e  
°5D o le  ( 1 9 5 6 )  " p r o ce d u re  and t h e  t i t r a t a b l e  a c i d i t y  d e te rm in ed  
in  p o r t i o n s  o f  t h e  unwashed and washed  h e p ta n e  p h a s e s .  The 
mean v a l u e s  f o r  t h e  t i t r a t a b l e  a c i d i t i e s  (u m ole/ m l  o f  o r i g i n a l  
plasm a)  f o r  t h e  unwashed and washed h e p t a n e  p h a s e s  were 270 and 
228 r e s p e c t i v e l y .  Thus,  w ash ing  w i t h  0.05°.' ‘^SO^ c o n s i d e r a b l y  
reduced  t h e  t i t r a t a b l e  a c i d i t y  o f  t h e  h e p t a n e  p h a s e .  Other  
p o r t i o n s  o f  t h e  unwashed and washed h e p t a n e  p h a s e s  were ta k e n  
t o  d r y n e s s  at  60°C under re d u ce d  p r e s s u r e ;  t h i s  p ro c e d u r e  
removed t h e  h e p ta n e  as w e l l  as  t h e  l a c t i c  a c i d .  The r e s i d u e s  
were ta k en  up in  h e p ta n e  and t h e  mean t i t r a t a b l e  a c i d i t i e s  
( umole/ml  o f  o r i g i n a l  p lasm a)  f o r  t h e  unwashed and washed  
h e p ta n e  p h a s e s  were 246  and 217 r e s p e c t i v e l y .  Thus t h e  removal  
o f  l a c t i c  nc i d  from both t h e  unwashed and washed h e p t a n e  p h a s e s  
were a l s o  ta k e n  t o  d r y n e s s  a t  60°C under re du ced  p r e s s u r e  in  
o r d e r  t o  remove l a c t i c  a c i d .  The r e s i d u e s  were ta k e n  up in  
0 . 5  ml o f  l i g h t  p e t r o l e u m  (bp 3 0 - 5 0 ° C ) .  \ cet .one was added and 
t h e  p h o s p h o l i p i d s  were p r e c i p i t a t e d  d u r in g  s t o r a g e  o v e r n i g h t  o+ 
- 2 0 ° C .  The p r e c i p i t a t e d  p h o s p h o l i p i d s  were removed by
(145)
c e n t r i f u g a t i o n  and t h e  s o l v e n t  was removed from t h e  s u p e r n a t a n t  
l a y e r .  The r e s i d u e s  were taken  up in  h e p t a n e  and t h e  mean 
t i t r a t a b l e  a c i d i t i e s  (u m ole /m l  o f  o r i g i n a l  p la sm a)  f o r  t h e
unwashed and washed h e p t a n e  p h a s e s  were 224 and 216 r e s p e c t i v e l y .
124
From t h e s e  r e s u l t s ,  Trout  e t  a l  ( 1 9 6 0 )  c o n c l u d e d  t h a t  i n  t h e
25
o r i g i n a l  D o le  ( 1 9 5 6 )  p r o c e d u r e ,  t h e  t i t r a t a b l e  a c i d i t y  o f  t h e  
h e p ta n e  p h a s e ,  a l t h o u g h  a cc o u n te d  f o r  m a i n l y  by t h e  plasma  
u n e s t e r i f i e d  f a t t y  a c i d s  i s  a l s o  i n f l u e n c e d  by plasma  
p h o s p h o l i p i d s  and s m a l l  amounts o f  plasma l a c t a t e  t h a t  p a s s  i n t o  
t h e  h ep ta n e  p h a s e .  T hese  c o n t a m in a n t s  were l a r g e l y  removed by 
wash ing  t h e  h ep ta n e  phase  w i t h  0.05% 1I9S0^.
To i n v e s t i g a t e  t h e  e f f e c t  o f  t h e  w a s h in g  p ro ce d u re  on t h e  
r e c o v e r y  o f  f a t t y  a c i d s ,  Trout  e t  a l  ( 1 9 6 0 )  added 1 - ^ C ) - p a l m i t i c  
a c i d  t o  plasma s a m p l e s .  The l a b e l l e d  p a l m i t i c  a c i d  was
e x t r a c t e d  q u a n t i t a t i v e l y  i n t o  t h e  h e p t a n e  phase  d u r in g  t h e
25
D o le  ( 1 9 5 6 )  e x t r a c t i o n  p r o c e d u r e .  When t h e  h e p ta n e  phase  was 
washed w i th  0.05%, H9 S 0 ^ t 99.7%, o f  t h e  l a b e l l e d  a c i d  remained  
i n  t h e  h e p ta n e  phase  and 0.3% was removed in  t h e  w a sh ing  s o l u t i o n .
COLORIMETRIC METHOD
The method used was t h a t  d e s c r i b e d  in  t h e  B io ch em ica  
T e s t  Co mbinat io n  C a t .  No. 15997 TF\B ( B o e h r i n g e r  C o r p o r a t i o n ,
28
London L td )  and bas ed  on t h e  p r o c e d u r e s  d e s c r i b e d  by Duncombe ( 1 9 6 4 )
53
and I t a y a  and Ui ( 1 9 6 5 ) .
0 . 2  ml o f  plasma was added t o  5 . 0  ml o f  c h l o r o f o r m  
and 1 . 0  ml o f  0.27M cU (N0^)9 in  0.45M t r i e t h a n o l a m i n e
i
(146)
b u f f e r ,  pH 7 , 8 ,  The m i x tu r e  was shaken v i g o r o u s l y  
f o r  10 min and th en  c e n t r i f u g e d  f o r  5 min a t  300 x g .
The upper aqueous l a y e r  and any p r e c i p i t a t e d  p r o t e i n s  
were removed from t h e  c h l o r o f o r m  l a y e r  which c o n t a i n e d  
t h e  cop per  s a l t s  o f  t h e  l o n g - c h a i n  u n e s t e r i f i e d  f a t t y  
a c i d s  o r i g i n a l l y  p r e s e n t  in  t h e  p la sm a ,  2 . 0  ml o f  
t h e  c h l o r o f o r m  l a y e r  were th e n  mixed w i th  0 . 2  ml o f  
9mM d i e t h y l d i t h i o c a r b a m a t e  in  b u t a n o l ,  a r e a g e n t  
used f o r  t h e  c o l o r i m e t r i c  m i c r o d e t e r m i n a t i o n  o f  
c o p p e r .  A f t e r  10 min t h e  o p t i c a l  d e n s i t y  was measured  
at  440  nm.
9 0  5 3
A ccord ing  t o  Duncombe (19641 and I t a y a  and Ui ( 1 9 6 5 ) ,  a
h ig h  d e g r e e  o f  s p e c i f i c i t y  f o r  t h e  u n e s t e r i f i e d  f a t t y  a c i d  f r a c t i o n
o f  plasma i s  o b t a i n e d  w i t h  t h i s  method.
GAS-LIQUID CHROMATOGRAPHIC METHOD
The method used was t h a t  d e s c r i b e d  by C h r i s t i e ,  N o b le  and
23
Moore ( 1 9 7 0 )  and a l t h o u g h  more l a b o r i o u s ,  i t  may be re g a rd ed  as  
b e i n g  more s p e c i f i c  f o r  t h e  u n e s t e r i f i e d  f a t t y  a c i d s  o f  plasma  
than  any o f  t h e  o t h e r  t h r e e  m eth ods .
T o t a l  l i p i d s  were e x t r a c t e d  from plasma samples  by
90
t h e  method o f  N e l s o n  and Freeman ( 1 9 5 9 ) .  To a p o r t i o n  
o f  t h e  l i p i d  e x t r a c t  a known amount o f  m eth y l  h e p t a d e c a n o a t e  
was added as  an i n t e r n a l  s ta n d ard  and t h e  m i x t u r e  was 
r e f l u x e d  f o r  2 h w i t h  methanol  c o n t a i n i n g  5% anhydrous
(147)
hydrogen c h l o r i d e .  G a s - l i q u i d  c h r o m a to g ra p h ic  
a n a l y s i s  o f  t h e  r e s u l t i n g  m eth y l  e s t e r s  o f  t h e  t o t a l  
plasma f a t t y  a c i d s  was c a r r i e d  out  on columns o f  
15% ( w / v )  p o l y e t h y l e n e  g l y c o l  a d i p a t e  on Chromosorb W 
( 1 0 0 - 1 2 0  mesh,  a c i d  washed and s i l a n i s e d :  Phase  
S e p a r a t i o n s  L td ,  Rock F e r r y ,  C h e s h i r e )  in  a Pye 104 
ch rom ato graph .  From t h e s e  r e s u l t s  t h e  t o t a l  c o n c e n t r a t i o n  
o f  each f a t t y  a c i d  in  t h e  plasma c o u l d  be c a l c u l a t e d .
A f u r t h e r  p o r t i o n  o f  t h e  t o t a l  plasma l i p i d  e x t r a c t  
was chromatographed on K i e s e l g e l  G p l a t e s  w i t h  a 
s o l v e n t  s y s te m  o f  h e x a n e - d i e t h y l  e t h e r - f o r m i c  a c i d  
( 8 0 : 2 0 : 2 ,  by v o l ) .  The component l i p i d  c l a s s e s  were  
d e t e c t e d  by s p r a y i n g  w i t h  0.1% ( w / v )  2 : 4 ;  d i c h l o r o f l u o r e s c e i n  
in  methano l  and i d e n t i f i e d  by com par ison  w i t h  s ta n d a rd  
m i x t u r e s .  Bands were s cr a p e d  o f f  on t o  s m a l l  columns o f  
s i l i c i c  a c i d  from which t h e  c h o l e s t e r y l  e s t e r s ,  
t r i g l y c e r i d e s  and u n e s t e r i f i e d  f a t t y  a c i d s  were e l u t e d  
w i t h  d i e t h y l  e t h e r ,  and t h e  p h o s p h o l i p i d s  w i t h  methanol  
c o n t a i n i n g  5% anhydrous hydrogen c h l o r i d e .  A known 
amount o f  meth y l  h e p t a d e c a n o a t e  was added as i n t e r n a l  
s ta n d a rd  t o  each f r a c t i o n .  The c h o l e s t e r y l  e s t e r s  and 
t r i g l y c e r i d e s  were d i s s o l v e d  in  a s m a l l  amount o f  b e n zen e  
and t r a n s - e s t e r i f i e d  iv ith 0.5M sodium m e t h o x id e  in  dry  
m e t h a n o l .  The 5% ( w / v )  boron t r i f l u o r i d e  in  m e t h a n o l ,  
and t h e  p h o s p h o l i p i d s  were  t r a n s - e s t e r i f i e d  w i t h  t h e  
m e t h a n o l i c  hydrogen c h l o r i d e  used t o  e l u t e  from t h e
(1 4 8 )
K i e s e l g e l  G. From t h e  g a s - l i q u i d  ch ro m a to g ra p h ic  
a n a l y s e s  o f  t h e  methyl  e s t e r s  o b t a i n e d  from each f r a c t i o n ,  
i t  was p o s s i b l e  t o  c a l c u l a t e  t h e  p e r c e n t a g e  d i s t r i b u t i o n  
o f  t h e  f a t t y  a c i d s  between t h e  v a r i o u s  l i p i d  c l a s s e s ,  and 
h en ce  t h e  plasma c o n c e n t r a t i o n  o f  each l i p i d  c l a s s ,  
i n c l u d i n g  t h e  u n e s t e r i f i e d  f a t t y  a c i d s .
( 1 4 9 )
STUDIES 1 EFFECT OF INTRAVENOUS GLYCEROL INFUSION ON THE
q n r ]  ? PLASMA CONCENTRATIONS OF UN ESTER IF I ED FATTY
ACIDS AS MEASURED BY THE DOLE ( 1 9 5 6 )  METHOD
F i f t e e n  male  s u b j e c t s  were each  g i v e n  an i n t r a v e n o u s  
i n f u s i o n  o f  50 ml o f  10% g l y c e r o l  in  i s o t o n i c  s a l i n e  a f t e r  an 
o v e r n i g h t  f a s t .  Blood samples  were t a k e n  i m m e d i a te l y  b e f o r e  
and 20 and 50 min a f t e r  t h e  g l y c e r o l  i n f u s i o n .  In a more 
d e t a i l e d  i n v e s t i g a t i o n ,  4 male s u b j e c t s  were each g i v e n  a 
s i m i l a r  i n f u s i o n  o f  g l y c e r o l ,  but  b lo o d  sa mp les  were taken  
b e f o r e  and 10,  2 0 ,  3 0 ,  40  and 50  min a f t e r  t h e  i n f u s i o n .  The
c o n c e n t r a t i o n s  o f  u n e s t e r i f i e d  f a t t y  a c i d s  were d e te rm in e d  in
25
t h e  plasma samp les  by t h e  method o f  D o l e  ( 1 9 5 6 ) .  The mean 
r e s u l t s  f o r  S t u d y !  and t h e  i n d i v i d u a l  r e s u l t s  f o r  S t u d y 2 
a r e  g i v e n  in  T a b l e s  23 and 24 r e s p e c t i v e l y .  The v a l u e s  
o b t a i n e d  f o r  t h e  c o n c e n t r a t i o n  o f  u n e s t e r i f i e d  f a t t y  a c i d s
in  t h e  plasma o f  s u b j e c t s  a f t e r  an o v e r n i g h t  f a s t  a r e  s i m i l a r
25
t o  t h o s e  r e p o r t e d  by D o le  ( 1 9 5 6 )  and Gordon,  Cher ke s  and Gates
39
( 1 9 5 7 ) .  In both s t u d i e s  ap par en t  i n t r a v e n o u s  i n f u s i o n  o f  g l y c e r o l  
r e s u l t e d  in  a pronounced i n c r e a s e  in  t h e  plasma c o n c e n t r a t i o n s  
o f  u n e s t e r i f i e d  f a t t y  a c i d s .  T h i s  e f f e c t  was o b s e r v e d  in  t h e  
i n d i v i d u a l  r e s u l t s  o b t a i n e d  from a l l  o f  t h e  s u b j e c t s  in  S t u d y 1 .
I t  appeared  t h a t  t h e  plasma u n e s t e r i f i e d  f a t t y  a c i d s  re ach ed  
maximum c o n c e n t r a t i o n s  10 min a f t e r  t h e  g l y c e r o l  i n f u s i o n ;  t h e r e a f t e r ,  
t h e  c o n c e n t r a t i o n  o f  u n e s t e r i f i e d  f a t t y  a c i d s  g r a d u a l l y  d e c r e a s e d  
u n t i l  a t  50  min,  t h e  v a l u e s  were s i m i l a r  t o  t h o s e  o b s e r v e d  
im m e d i a t e l y  b e f o r e  t h e  g l y c e r o l  i n f u s i o n .
(1 5 0 )
T a b l e  23, S t u d y ]  E f f e c t  o f  i n t r a v e n o u s  g l y c e r o l  i n f u s i o n  on
t h e  plasma c o n c e n t r a t i o n  o f  u n e s t e r i f i e d  f a t t y  
a c i d s  ( u e q / 1 )  as d e t e r m i n e d  by t h e  method o f  
D o le  ( 1 9 5 6 )
(15 s u b j e c t s ;  mean v a l u e s  w i th  t h e i r  s ta n d ard  
e r r o r s )
Time a f t e r  g l y c e r o l  i n f u s i o n  (min)
0 20 50
950  
+ 5 1 . 5
1195
+ 6 2 . 3
1012
+ 6 1 .5
(151 )
T a b l e  24, Study  2 E f f e c t  o f  i n t r a v e n o u s  g l y c e r o l  i n f u s i o n  on t h e
plasma c o n c e n t r a t i o n  o f  u n e s t e r i f i e d  f a t t y  a c i d s  
( u e q / 1 )  as d e te r m in e d  by t h e  method o f  D o le  (19S6) 
(4  s u b j e c t s ;  i n d i v i d u a l  v a l u e s  and t h e i r  means)
Time a f t e r  g l y c e r o l  i n f u s i o n  (min)
S u b j e c t 0 10 20 30 40 50
\ 1295 1638 1524 1406 1365 1343
B 685 932 903 821 714 659
c t . 780 1012 960 900 830 795
D 159 344 318 263 211 185
Mean 730 982 926 848 780 745
O r 2)
STUDY 3 EFFECT OP I! ITT, WEEP US IN!'US TON OS ISOTOEIC SU.IEE ON 
THE PMSM\ CQECFETH VTTOE OF (JEESTEDIFTED FVTTY \CTDS 
\S DETCHHIEED BY THE DOLE ( 1 9 5 6 )  METHOD
B e f o r e  f u r t h e r  i n v e s t i g a t i o n  o f  t h e  u n e x p e c t e d  f i n d i n g s  
o f  S t u d i e s  1 ^nd 2 ,  i t  was n e c e s s a r y  t o  a s c e r t a i n  t h a t  t h e  
i n f u s i o n  o f  normal s a l i n e  was w i t h o u t  e f f e c t  on t h e  plasma  
u n e s t e r i f i e d  f a t t y  a c i d  l e v e l s .  In S tu dy  3 ,  6 s u b j e c t s  we re  
each g i v e n  *n i n t r a v e n o u s  i n f u s i o n  o f  CO ml o f  i s o t o n i c  
s a l i n e  a f t e r  an o v e r n i g h t  f a s t .  B lood  samples  were ta k en  
im m e d ia t e ly  b e f o r e  and 10,  3 0 ,  40  and 60 min a f t e r  t h e  i n f u s i o n .
The c o n c e n t r a t i o n s  o f  u n e s t e r i f i e d  f a t t y  a c i d s  were
25
dete rm ined  in  t h e  plasma samples  by t h e  method o f  D o le  ( 1 9 5 6 ) ,
The r e s u l t s  g i v e n  in  T a b le  25 show t h a t  t h e  plasma l e v e l s  
o f  u n e s t e r i f i e d  f a t t y  ^ c i d s  were u n a f f e c t e d  by t h e  s a l i n e  i n f u s i o n .
■TUDY 4 EFFECT1 ^ F  IET2 WEEOUS GLYCEEOL lEFUSTOE ° E  THE PIASH1
CO:iCEr;T!l\TIOPI OF u e e s t e h t f t e d  f v t t  ACIDS 'S  t e v e s t i c \ t e d  
BY n U \L IT \TTV E THTE-L1YEB CHEOH VTPG7'* \P T!Y
The r e s u l t s  o f  S t u d i e s  1 - 3  were p a r t i c u l a r l y  s u r p r i s i n g
i n  v i ew  o f  t h e  f a c t  t h a t  g l y c e r o l  i s  known t o  c o n t r i b u t e  to
16 33g l u c o n e o g e n e s i s  in  man (eg  C a h i l  e t  a l  1966;  ' Exton 1 ° 7 2 ) .
II o
Moreover,  S e n i o r  and L o r id a n  ( I 9 6 0 )  hav e r e p o r t e d  t h a t  an 
i n t r a v e n o u s  i n f u s i o n  o f  g l y c e r o l  r e s u l t e d  in  an i n c r e a s e  in  
serum g l u c o s e  l e v e l s  an^ a d e c r e a s e  i n  serum u n e s t e r i f i e d  f a t t y
( 153)
a c i d  l e v e l s .  I t  seemed p o s s i b l e ,  t h e r e f o r e ,  t h a t  t h e  v a l u e s  
g i v e n  in  T a b l e s  23 and 24 d id  not  r e p r e s e n t  a t r u e  a s s e s s m e n t  o f  
t h e  a c t u a l  con ce nt  r a t  i o n s  o f  plasma u n e s t e r i f i e d  f a t t y  a c i d s .
Three s u b j e c t s  were each g i v e n  an i n t r a v e n o u s  i n f u s i o n  
o f  g l y c e r o l  as p r e v i o u s l y  d e s c r i b e d .  B lood  samples  were taken  
b e f o r e  and a t  5 ,  10,  30 and 30 m in u te s  a f t e r  t h e  g l y c e r o l  i n f u s i o n .
The c o n c e n t r a t i o n  o f  u n e s t e r i f i e d  f a t t y  a c i d s  was d e t e r m in ed  on
25
a p o r t i o n  o f  each plasma sample by t h e  method o f  D o le  ( 1 0 5 6 )
and t h e  r e s u l t s  (not  g i v e n  in  d e t a i l )  were  found t o  be v e r y
s i m i l a r  to  t h o s e  in  T a b l e s  ab o v e ,  i e  t h e  g l y c e r o l  i n f u s i o n  r e s u l t e d
in an i n c r e a s e  in th e  plasma c o n c e n t r a t i o n  o f  u n e s t e r i f i e d  f a t t y
a c i d s .  The t o t a l  l i p i d s  were e x t r a c t e d  from a n o t h e r  p o r t i o n  o f
90
each plasma sample by t h e  method o f  N e l s o n  and Freeman ( 1 9 5 0 ) .  
P o r t i o n s  o f  t h e  l i p i d  e x t r a c t s ,  e q u i v a l e n t  to  t h e  same volume  
o f  p lasma,  were a p p l i e d  t o  t h i n - l a y e r  p l a t e s  o f  K i e s e l g e l  G.
The p l a t e s  were d e v e l o p e d  v/i th a s o l v e n t  s y s tem  o f  h e x a n e - d i e t h y l  
e t h e r - f o r m i c  a c i d  ( 0 0 : 2 0 : 1 ,  by v o l . ) .  \ f t e r  d e v e l o p m e n t ,  t h e  
ch r o m o p la te s  were sprayed  w i t h  50°o ( v / v )  s u l p h u r i c  a c i d  and 
t h en  h ea te d  at  100° f o r  1 h our .  The r e s u l t s  f o r  a l l  t h r e e  
s u b j e c t s  were s i m i l a r  and a photograph o f  a t y p i c a l  t h i n - l a y e r  
chromatogram i s  g i v e n  in  F i g u r e  17.  From a q u a l i t a t i v e  a s s e s s m e n t  
o f  each chromatogram i t  was c l e a r  t h a t  t h e  g l y c e r o l  i n f u s i o n  
r e s u l t e d  in  a marked d e c r e a s e  in t h e  c o n c e n t r a t i o n  o f  u n e s t e r i f i e d  
f a t t y  a c i d s  in  t h e  plasma and in  t h e  t o t a l  plasma l i p i d s .
(154)
T a b l e  25, S t u d y 0' E f f e c t  o f  i n t r a v e n o u s  i n f u s i o n  o f  i s o t o n i c
s a l i n e  on t h e  plasma c o n c e n t r a t i o n  o f  
u n e s t e r i f i e d  f a t t y  a c i d s  ( u e q / 1 )  as  
d ete rm in ed  by t h e  method o f  D o le  ( 1 9 5 6 )
( 6  s u b j e c t s ;  mean v a l u e s  w i th  t h e i r  s ta n d ard  
d e v i a t i o n s )
Time a f t e r  g l y c e r o l  i n f u s i o n  (min)
10 20 30 40 60
960 956 962 930 959
+245 +244 + 244 +231 +209
(155) FTGURR 17
C h o l e s t c r y l  e s t e r s
T r i g l y c e r i d e  s
U n e s t e r i f i e d  fa t ty  a c id s
C h o l e s t e r o l
isiffl. >; jl P h o s p h o l ip id
0 5 10 2 0  30
T im e  a f t e r  g ly c e r o l  in fus ion  
(min)
P h o to g r a p h  of a t h i n - l a y e r  c h r o m a t o g r a m  of the p l a s m a  
lip ids  of a su b jec t  given an i n t r a v e n o u s  in fus ion  of g l y c e r o l .
STUDY 5 COMPARISON OF PLASM! UNESTERIFIED FATTY ACID CONCENTRATIONS
DETERMINED BY THE DOLE METHOD WITH THOSE DETERMINED BY A 
C-OLORIMKTRIC METHOD AND BY A GAS-LIQUID CIIROM\TOGRAPUIC METHOD
S i n c e  t h e  q u a l i t a t i v e  r e s u l t s  o b t a i n e d  from Stu dy  \  were  
in c o m p l e t e  d i s a g r e e m e n t  w i th  t h e  r e s u l t s  o f  S t u d i e s  1 end 2 
an i n v e s t i g a t i o n ,  s i m i l a r  t o  Study 4 , was under taken  but  each  
plasma sample  was a n a l y s e d  f o r  u n e s t e r i f i e d  f a t t y  a c i d
c o n c e n t r a t i o n s  by t h r e e  methods based on e n t i r e l y  d i f f e r e n t
25
c h e m ic a l  p r i n c i p l e s  i e ,  a t i t r i m e t r i c  p r o c e d u r e  ( D o l e  1 9 5 6 ) ,
28
a c o l o r i m e t r i c  pro ce du re  (Duncombe 196 4)  and a q u a n t i t a t i v e
23
g a s - l i q u i d  ch ro m a to g ra p h ic  p r o ce d u re  ( C h r i s t i e  e t  a l  1 9 7 0 ) ,
Four s u b j e c t s  were each g i v e n  an i n t r a v e n o u s  i n f u s i o n  o f  
g l y c e r o l  as d e s c r i b e d  p r e v i o u s l y .  Dlood sam ples  were taken  
b e f o r e  and 5 ,  10 ,  2 0 ,  30  and 40 m in utes  a f t e r  t h e  g l y c e r o l  
i n f u s i o n  and t h e  c o n c e n t r a t i o n  o f  u n e s t e r i f i e d  f a t t y  a c i d s  
dete rm in e d  in  each sample by t h e  t h r e e  s e p a r a t e  m eth ods .
From t h e  r e s u l t s  g i v e n  in  T a b le  2fy, i t  i s  e v i d e n t  t h a t  th e
25
p a t t e r n  o f  r e s u l t s  o b t a i n e d  by t h e  t i t r i m e t r i c  ( D o l e  1956)
method was v er y  s i m i l a r  t o  t h a t  o b t a i n e d  in  Study 1 , However,
28
t h e  r e s u l t s  o b t a i n e d  both by t h e  c o l o r i m e t r i c  (Duncombe 1 964)
23
and g a s - l i q u i d  ch ro m a to g ra p h ic  ( C h r i s t i e  e t  a l  197 0)  i n d i c a t e d  
t h a t  t h e  g l y c e r o l  i n f u s i o n  r e s u l t e d  in  a pronounced d e c r e a s e  
in  t h e  c o n c e n t r a t i o n  o f  plasma u n e s t e r i f i e d  f a t t y  a c i d s ;  minimum 
v a l u e s  were o b s e r v e d  20  min a f t e r  t h e  g l y c e r o l  i n f u s i o n ,  but  
even  a f t e r  40 min,  p l a s m a  u n e s t e r i f i e d  f a t t y  a c i d  l e v e l s  were  
o n l y  about  57% o f  t h e  l e v e l  (bser ved  i m m e d i a t e l y  b e f o r e  t h e  
g l y c e r o l  i n f u s i o n .  I t  sh o u ld  be no ted  t h a t  t h e r e  was good
(157)
agreement  between  t h e  r e s u l t s  obtained!  from c o r r e s p o n d i n g  
plasma sam ples  by t h e  c o l o r i m e t r i c  and g a s - l i q u i d  c h ro m a to g ra p h ic  
m e th o ds .  I t  s h o u ld  a l s o  be n ote d  t h a t  t h e r e  was good agreement  
betwe en  t h e  r e s u l t s  o b t a i n e d  by a l l  t h r e e  methods when a p p l i e d  
t o  t h e  plasma samples  o b t a i n e d  b e f o r e  t h e  g l y c e r o l  i n f u s i o n .
STUDY 6 COMPARISON OF PLASM\ UNESTERIFIED FATTY ACID 
CONCENTRATIONS DETERMINED BY THE DOLE METHOD 
WITH THOSE DETERMINED BY A COLORIMETRIC METHOD 
AND BY A MODIFIED DOLE METHOD
The r e s u l t s  o f  Study  5 s u g g e s t e d  t h a t  t h e  i n t r a v e n o u s  
i n f u s i o n  o f  g l y c e r o l  r e s u l t e d  in  t h e  a ppeara nce  in  t h e  plasma o f  
some a c i d i c  component t h a t  was not  a l o n g - c h a i n  f a t t y  a c i d ;  t h i s  
unknown a c i d i c  component appeared t o  p a s s  i n t o  t h e  h e p ta n e
phase  where i t  was t i t r a t e d  as  " u n e s t e r i f i e d  f a t t y  a c i d s "  in
25
t h e  o r i g i n a l  D o le  ( 1 9 5 6 )  p r o c e d u r e .  I t  was o f  i n t e r e s t ,  t h e r e f o r e ,
t o  d e t e r m i n e  wheth er  t h i s  co n ta m in a n t  c o u l d  be removed from t h e
h e p t a n e  phase  by w ash ing  w i t h  0.05% ILSO. as  in  t h e  m o d i f i c a t i o n  
25 d 124
o f  t h e  D o le  (1 9 5 6 )  method d e v i s e d  by Trout  e t  a l  ( 1 9 6 0 ) .
In Study  6 , 4 s u b j e c t s  were each g i v e n  an i n t r a v e n o u s
g l y c e r o l  i n f u s i o n .  Blood  samples  were ta k en  b e f o r e  and 10,  2 0 ,  30 ,
40  and 50  min a f t e r  t h e  g l y c e r o l  i n f u s i o n  and t h e  c o n c e n t r a t i o n s  o f
u n e s t e r i f i e d  f a t t y  a c i d s  in  each plasma sample  d e te rm in ed  by a
25
t i t r i m e t r i c  p r o ce d u r e  ( D o l e  1 9 5 6 ) ,  a m o d i f i e d  t i t r i m e t r i c
124
p r o c e d u r e  (Trou t  e t  a l  1960)  and a c o l o r i m e t r i c  p ro ce d u re
23
(Duncombe 1 % 4 ) .  The p a t t e r n  o f  r e s u l t s  o b t a i n e d  by t h e
25
t i t r i m e t r i c  ( D o le  1956)  method ( T a b l e 2 7 )  were s i m i l a r  t o  t h o s e
(IBB)
o b t a i n e d  p r e v i o u s l y  ( s e e  T a b l e s  22 and 2 4 ) .  and showed t h a t  t h e
g l y c e r o l  i n f u s i o n  r e s u l t e d  in  a t r a n s i e n t  but  pronounced i n c r e a s e
i n  t h e  c o n c e n t r a t i o n  o f  plasma u n e s t e r i f i e d  f a t t y  a c i d s .  The
93
r e s u l t s  o b t a i n e d  by t h e  c o l o r i m e t r i c  (Duncombe 1964)  ' method  
( T a b le  27 )  were a l s o  s i m i l a r  t o  t h o s e  o b t a i n e d  p r e v i o u s l y  ( T a b l e  2 6 )  
and showed a marked d e c r e a s e  i n  t h e  c o n c e n t r a t i o n  o f  plasma  
u n e s t e r i f i e d  f a t t y  a c i d s  as  a r e s u l t  o f  t h e  g l y c e r o l  i n f u s i o n .
IL St 4When d e te rm in ed  by t h e  m o d i f i e d  t i t r i m e t r i c  (Trout  e t  a l  1960)  
p r o c e d u r e ,  t h e  c o n c e n t r a t i o n  o f  u n e s t e r i f i e d  f a t t y  a c i d s  in  t h e  
plasma was not  changed a p p r e c i a b l y  by t h e  g l y c e r o l  i n f u s i o n .
Again,  i t  sh o u ld  be n o ted  t h a t  t h e r e  was e x t r e m e l y  good agreement  
b etw een  t h e  v a l u e s  o b t a i n e d  by a l l  t h r e e  methods when a p p l i e d  t o  
t h e  plasm° samples  o b t a i n e d  b e f o r e  t h e  g l y c e r o l  i n f u s i o n .
The f i n d i n g s  o f  S tu dy  6 a g a in  s u g g e s t  t h a t  t h e  g l y c e r o l
i n f u s i o n  r e s u l t e d  i n  t h e  a p pe a ra n ce  in  t h e  plasma o f  some
unknown a c i d i c  component t h a t  p a s s e d  i n t o  t h e  h e p ta n e  p h a s e  i n  
2r
t h e  D o le  ( 1 9 5 6 ) '  p r o c e d u r e .  T h i s  co n ta m in a n t  ap peared  t o  be  o n l y  
p a r t i a l l y  removed by t h e  0 .05? HgSO^ wash i n t r o d u c e d  i n t o  t h e
"j Q  A
p r o c e d u r e  by Trout  e t  a l  ( 1 9 6 0 ) . Thus ,  in  t h e  plasma sample  
o b t a i n e d  10 min a f t e r  t h e  g l y c e r o l  i n f u s i o n ,  t h e  t o t a l  t i t r a t a b l e  
a c i d i t y  in t h e  h e p ta n e  p ha se  amounted t o  1086 u e q u i v / 1  p la sm a.
The t i t r a t a b l e  a c i d i t y  i n  t h e  h e p ta n e  p h a s e  due t o  t h e  c o n ta m in a n t  
th u s  amounted t o  463 u e q u i v / 1  plasma;  o n l y  63% o f  t h i s  co n ta m in a n t  
(am ounting t o  316 u e q u i v / 1  p la sm a)  was removed from t h e  h e p t a n e  
by t h e  0.05% Ho S 0 .  wash.
41
(15°)
T o b l e 2 6 .  Study  5 E f f e c t  o f  i n t r a v e n o u s  i n f u s i o n  o f  g l y c e r o l  on
t h e  plosma c o n c e n t r a t i o n  o f  u n e s t e r i f i e d  f a t t y  
a c i d s  ( u e q / 1 )  as d e te rm in ed  by a t i t r i m e t r i c  
method (D o le  1 9 5 6 ) ,  a c o l o r i m e t r i c  method  
(Duncombe 1964)  and a q u a n t i t a t i v e  g a s - l i q u i d  
ch ro m a to g ra p h ic  method ( C h r i s t i e  e t  a l  1 9 7 0 ) .  
(4  s u b j e c t s ;  mean v a l u e s  w i t h  t h e i r  s ta n d a r d  
e r r o r s )
Time a f t e r  
g l y c e r o l  i n f u s i o n  
( m in ) T i t r i m e t r i c
Method o f  A n a l y s i s
C o l o r i m e t r i c
G a s - l i q u i d












+ 8 7 . 4
10 999
+ 7 7 . 0
339




+ 5 5 . 0
337
+ 9 0 . 3
337
+ 9 2 . 2
30 768
+ 8 0 . 9
347






+1 0 8 .5
391
+ 8 7 . 5
(1<S0)
T a b l e  27 , Study  6 E f f e c t  o f  i n t r a v e n o u s  i n f u s i o n  o f  g l y c e r o l  on
t h e  plasma c o n c e n t r a t i o n  o f  u n e s t e r i f i e d  f a t t y  
a c i d s  ( u e q / 1 )  as  d e t e rm in ed  by a t i t r i m e t r i c  
method (D o le  1 9 5 6 ) ,  a m o d i f i e d  t i t r i m e t r i c  
method (Trou t  e t  a l  1960 )  and a c o l o r i m e t r i c  
method (Duncombe 1 964)
(4  s u b j e c t s ;  mean v a l u e s  w i t h  t h e i r  s ta n d a rd  e r r o r s )
Time a f t e r  
g l y c e r o l  i n f u s i o n  
( m in ) T i t r i m e t r i c
Method o f  a n a l y s i s
M o d i f i e d
t i t r i m e t r i c C o l o r i m e t r i c
797
+ 7 5 .2
10 1086
+ 0 4 . 9









+ 7 5 .1
770






- * 5 4 .8
761
+ 6 2 . 9
584




+ 6 4 . 6
50 798
+ 7 5 .4
762
+ 7 2 . 5
650
+ 7 4 . 5
(161)
Stu dy  7 THE RELATIONSHIP BETWEEN THE CONCENTRATIONS OF
UNESTER I F I ED FATTY ACIDS, AS DETERMINED BY TITRIMETRIC 
AND COLORIMETRIC METHODS, AND FREE GLYCEROL IN THE 
PLASMA OP SUBJECTS GIVEN AN INTRAVENOUS INFUSION OF 
GLYCEROL
From t h e  p r e v i o u s  r e s u l t s  i t  ap pe ared  t h a t  t h e  unknown
25
a c i d i c  component t h a t  i n t e r f e r e d  w i t h  t h e  D o le  ( 1 9 5 6 )  methoid 
o f  d e t e r m i n i n g  t h e  c o n c e n t r a t i o n  o f  u n e s t e r i f i e d  f a t t y  a c i d s  
o n l y  appeared in  t h e  plasma a f t e r  t h e  g l y c e r o l  i n f u s i o n .  I t  
seemed p o s s i b l e  t h a t  a s t u d y  o f  t h e  r e l a t i o n s h i p s  between t h e  
su b s e q u e n t  c o n c e n t r a t i o n s  o f  g l y c e r o l  and t h e  unknown a c i d i c  
component might  p r o v i d e  some h i n t  as  t o  t h e  i d e n t i t y  o f  t h e  l a t t e r .  
Some e s t i m a t e  o f  t h e  c o n c e n t r a t i o n s  o f  t h e  unknown component  
c o u l d  be o b t a i n e d  s i m p ly  by s u b t r a c t i n g  t h e  v a l u e s  f o r  t h e
plasma c o n c e n t r a t i o n s  o f  u n e s t e r i f i e d  f a t t y  a c i d s  o b t a i n e d  by
28
t h e  method o f  Duncombe ( 1 9 6 4 )  from t h o s e  o b t a i n e d  by t h e  method
25
o f  D o le  ( 1 9 5 6 ) .
In Stu dy  7, 10 s u b j e c t s  were each g i v e n  an i n t r a v e n o u s  
i n f u s i o n  o f  g l y c e r o l .  Blood samples  were ta k en  b e f o r e  and 5 ,
10,  20 ,  30  and 40 m in u t e s  a f t e r  t h e  g l y c e r o l  i n f u s i o n  and t h e  
plasma c o n c e n t r a t i o n s  o f  f r e e  g l y c e r o l  d e te rm in e d  by t h e  methpd  
d e s c r i b e d  in  t h e  B io ch em ica  T e s t  Co m binat i on  C a t .  No. 15989
( B o e h r i n g e r  C o r p o r a t i o n  London L td )  and based  on t h e  p r o c e d u r e s
29 30
o f  E g g s t e i n  ( 1 9 6 6 )  and E g g s t e i n  and K reutz  ( 1 9 6 6 ) .  Plasma
u n e s t e r i f i e d  f a t t y  a c i d  l e v e l s  were d e te rm in ed  by t h e  t i t r i m e t r i c  
25 28
( D o l e  19 56)  method and t h e  c o l o r i m e t r i c  (Duncombe 1964)  method.
( 162 )
The r e s u l t s  f o r  t h e  plasma c o n c e n t r a t i o n s  o f  u n e s t e r i f i e d
f a t t y  a c i d s  as d e te r m in e d  by t h e  two a n a l y t i c a l  p r o c e d u r e s
( T a b le  28 ,  F i g u r e  7 )  a re  s i m i l a r  t o  t h o s e  o b t a i n e d  i n  S t u d i e s  5
and 6 ( T a b le s  26 and 2 7 ) .  rr,he c o n c e n t r a t i o n  o f  f r e e  g l y c e r o l  in
t h e  p l a s m a  s a m p l e s  o b t a i n e d  i m m e d i a t e l y  b e f o r e  t h e  g l y c e r o l  i n f u s i o n
( T a b le  8 7 )  was s i m i l a r  t o  t h a t  r e p o r t e d  by o t h e r s  ( e g  E g g s t a i n  
291 966)"  f o r  s u b j e c t s  a f t e r  an o v e r n i g h t  f a s t .  Maximum 
c o n c e n t r a t i o n s  o f  f r e e  g l y c e r o l  were o b s e r v e d  in  t h e  plasma  
sampler  "ahen 5 m in u t e s  a f t e r  t h e  g l y c e r o l  i n f u s i o n :  between  r 
and 49 m i n u t e s  t h e r e  was a r a p i d  d e c l i n e  in  t h e  f r e r' g l y c e r o l  
l e v e l  in t h e  plasm*1 (T^blr* 2 8 ) .  Maximum c o n c e n t r a t i o n s  o f  t h e  
unknown a c i d i c  component were found i n  t h e  plasma sam ples  taken  
10 m in u t e s  a f t e r  t h e  g l y c e r o l  i n f u s i o n  ( T a b le  23 and F i g u r e  1 3 ) .  
The re  appeared  t o  be a p r o d u c t - p r e c u r s o r  r e l a t i o n s h i p  between  
t h e  c o n c e n t r a t i o n  o f  f r e e  g l y c e r o l  and t h e  c o n c e n t r a t i o n  o f  t h e  
unknown a c i d i c  component i n  t h e  p lasm a.  T h e r e f o r e ,  i t  seemed 
u n l i k e l y  t h a t  t h e  unknown a c i d i c  component i n  t h e  plasma was a 
c o n ta m in a n t  in  t h e  g l y c e r o l  s o l u t i o n  u sed  f o r  i n t r a v e n o u s  i n f u s i o n ;  
had t h i s  been s o ,  maximum c o n c e n t r a t i o n s  o f  g l y c e r o l  and t h e  
unknown component might  have been e x p e c t e d  t o  o c c u r  i n  t h e  sane  
plasma s a m p le .  Moreover,  no t i t r a t a b l e  a c i d i t y  was d e t e c t e d  in  
t h e  g l y c e r o l  s o l u t i o n s  used f o r  i n f u s i o n .  The r e s u l t s  o f  Study  7 
s u g g e s t ,  t h e r e f o r e ,  t h a t  t h e  unknown component was ( a )  a prod uc t  
o f  g l y c e r o l  m e ta b o l i s m ,  or  (b )  a p r o d u c t  o f  s^ne m e t a b o l i c  ^r o ce^ s  
s t i m u l a t e d  by t h e  g l y c e r o l  i n f u s i o n .
( 1 6 3 )
T a b le  28 ,  S tu dy  7
C o n c e n t r a t i o n  o f  
f a t t y  a c i d s














R e l a t i o n s h i p  be tw een  t h e  c o n c e n t r a t i o n s  o f  
u n e s t e r i f i e d  f a t t y  a c i d s  ( u r q / 1 ) ,  as  d e te r m i n e d  
by a t i t r i m e t r i c  method (D o le  1956)  and a 
c o l o r i m e t r i c  method (Duncombe 1 9 6 4 ) ,  and t h e  
c o n c e n t r a t i o n  o f  f r e e  g l y c e r o l  (m g/100  ml)  
in  t h e  plasma o f  s u b j e c t s  g i v e n  an i n t r a v e n o u s  
i n f u s i o n  o f  g l y c e r o l .
(1 0  s u b j e c t s ;  mean v a l u e s  w i t h  t h e i r  s t a n d a r d  
e r r o r s )
u n e s t e r i f i e d  C o n c e n t r a t i o n  o f
( u e q / 1 )  f r e e  g l y c e r o l
(mg/100 m l )
C o l o r i m e t r i c
method
658 1 .79
± 52 .3  +0.59
533 8 .6 9
± 57 .6  ± 1 .3 4
485 6.41
± 52 .2  +1.24
494 4 .0 0
± 5 2 .9  +0,86
506 2 .8 8
±51 .2  +0.61
523 2 .2 8
452.0  +0.50
R ela t io n sh ip  b e tw een  the c o n c e n t r a t i o n s  of f r e e  g ly c e r o l  
(©) and the unknown a c id ic  c om ponen t  (O) in the p l a s m a  of 
su b jec t s  given an in t r a v e n o u s  in fus ion  of g ly c e r o l .  V a lu es  
fo r  the unknown a c id i c  com p o n en t  w e r e  ob ta ined  by s u b ­
t r a c t i n g  the p l a s m a  c o n c e n t r a t i o n s  of u n e s t e r i f i e d  fa tty  
ac id s  d e t e r m i n e d  by the m e th o d  of D uncom be  (1964) f r o m
T i m e  a f t e r  g ly c e r o l  in fus ion m m
t h o s e  d e t e r m i n e d  by the m e th o d  of Dole  (1956).
( 1 6 5 )
STUDY 3 EFFECT OF INTRWENOUS GLYCEROL INFUSION ON PLASMA 
LIPID COMPOSITION
124
Accord ing t o  Trout  e t  a l  ( I 9 6 0 ) ,  p h o s p h o l i p i d s  pass
i n t o  t h e  h e p ta n e  phase  when plasma i s  e x t r a c t e d  by t h e  o r i g i n a l
25
D o le  (1 9 5 6 )  p r o c e d u r e ,  and t h e s e  p h o s p h o l i p i d s  c o n t r i b u t e  t o  
t h e  t i t r a t a b l e  a c i d i t y  o f  t h e  h e p t a n e  p h a s e ,  T i t r a t a b l e  a c i d i t y  
due t o  c o n t a m i n a t i n g  p h o s p h o l i p i d s  was a p p a r e n t l y  removed
124
when t h e  h e p ta n e  phas e  was washed w i t h  0,05% HQS0^ (T rout  e t  a l  1 9 6 0 ) .  
To i n v e s t i g a t e  w h eth er  t h e  i n t r a v e n o u s  i n f u s i o n  o f  g l y c e r o l  
r e s u l t e d  in  i n c r e a s e d  plasma c o n c e n t r a t i o n s  o f  a c i d i c  
p h s o p h o l i p i d s  or  o f  any o t h e r  p o l a r  l i p i d s ,  i n f u s i o n  e x p e r im e n t s  
were done as b e f o r e ,  but  t h e  plasma samples  were s u b m it t e d  t o  a 
c o m p l e t e  l i p i d  a n a l y s i s .
Three s u b j e c t s  were each g i v e n  an i n t r a v e n o u s  i n f u s i o n  o f  
g l y c e r o l .  Blood  samples  were ta k en  b e f o r e  and 5 ,  10,  2 0 ,  30  and 
40 m in ut es  a f t e r  th e  g l y c e r o l  i n f u s i o n ,  and t h e  c o n c e n t r a t i o n s  o f
u n e s t e r i f i e d  f a t t y  a c i d s  were d e te rm in e d  in  a p o r t i o n  o f  each
25
plasma sample  by th e  method o f  D o le  ( 1 9 5 6 ) .  The t o t a l  l i p i d s
were e x t r a c t e d  from t h e  re mainder  o f  each plasma sample  by t h e
90
method o f  N e l s o n  and Freeman ( 1 9 5 9 ) ,  The c o n c e n t r a t i o n s  o f  
t o t a l  plasma f a t t y  a c i d s  and o f  each plasma l i p i d  c l a s s  were
th en  d e te rm in e d  by q u a n t i t a t i v e  g a s - l i q u i d  chromatography
23
( C h r i s t i e  e t  a l  1 9 7 0 ) ,  In t h e  l i p i d s  e x t r a c t e d  from t h e  plasma  
sam ples  o b t a i n e d  b e f o r e  and 10 m in u t e s  a f t e r  t h e  g l y c e r o l  i n f u s i o n  
t h e  c o m p o s i t i o n  o f  t h e  p h o s p h o l i p i d s  d e te rm in ed  as d e s c r i b e d  
by S k i p s k i ,  P e t e r s o n  and B a r c l a y  ( 1 9 6 4 )  and C h r i s t i e  e t  a l  ( 1 9 7 0 ) .
(166)
The p a t t e r n  o f  r e s u l t s  f o r  t h e  plasma c o n c e n t r a t i o n s  o f
op
u n e s t e r i f i e d  f a t t y  a c i d s  d e te rm in ed  by t h e  D o le  ( 1 9 5 6 )  method and 
by q u a n t i t a t i v e  g a s - l i q u i d  ch romatography (T a b le  2 ° )  was s i m i l a r  
to  t h a t  o b s e r v e d  in  p r e v i o u s  e x p e r i m e n t s  ( T a b le s  a b o v e ) .  Du rin g t h e  
f i r s t  10 m in utes  a f t e r  t h e  g l y c e r o l  i n f u s i o n  t h e r e  was an i n c r e a s e  
in  t h e  c o n c e n t r a t i o n  o f  plasma u n e s t e r i f i e d  f a t t y  a c i d s  
as measured by t h e  t i t r i m e t r i c  p ro c e d u r e  and a d e c r e a s e  when 
t h e  plasma l e v e l  o f  u n e s t e r i f i e d  f a t t y  a c i d s  was d e te r m in ed  by 
q u a n t i t a t i v e  g a s - l i q u i d  chromatography ( T a b le  2 ° ) .  Although  
t h e r e  was c o n s i d e r a b l e  v a r i a t i o n  be tw e en  s u b j e c t s ,  t h e  r e s u l t s  
g i v e n  in  T a b le  29 show t h a t  t h e  i n t r a v e n o u s  i n f u s i o n  o f  g l y c e r o l  
had l i t t l e  or  no e f f e c t  on t h e  plasma c o n c e n t r a t i o n  o f  t o t a l  
f a t t y  a c i d s ,  c h o l e s t . e r v l  e s t e r s ,  t r i g l y c e r i d e s  or  t o t a l  
p h o s p h o l i p i d s .  E xam inat ion  o f  t h e  f a t t y  a c i d  c o m p o s i t i o n s  o f  each  
plasma l i p i d  f r a c t i o n  ( T a b le s  30 t o  3 3 )  aga in  r e v e a l e d  c o n s i d e r a b l e  
v a r i a t i o n  be tween  s u b j e c t s  but  v i r t u a l l y  no change in  f a t t y  a c i d  
c o m p o s i t i o n  o c c u r r e d  as a r e s u l t  o f  g l y c e r o l  i n f u s i o n .  More than  
93% o f  t h e  u n e s t e r i f i e d  f a t t y  a c i d  f r a c t i o n  c o u l d  be a c c o u n t e d  f o r  
by p a l m i t i c ,  p a l m i t o l e i c ,  s t e a r i c ,  o l e i c ,  l i n o l e i c  and l i n o l e n i c  
a c i d s ,  and c a r e f u l  t e m p e r a tu r e  programmed g a c - l i q u i d  ch ro m a to g ra p h ic  
a n a l y s i s  r e v e a l e d  t h a t  t h e  g l y c e r o l  i n f u s i o n  d id  not  r e s u l t  in  
i n c r e a s e s  in  t h e  t r a c e  c o n c e n t r a t i o n s  o f  u n e s t e r i f i e d  s h o r t  and 
medium c h a in  f a t t y  a c i d s  (C9 t o  t h a t  are  u s u a l l y  p r e s e n t
in  p lasma.
The c o m p o s i t i o n s  o f  t h e  plasma p h o s p h o l i p i d s  in  t h e  t h r e e  
s u b j e c t s  im m e d i a te l y  b e f o r e  and 10 m in u t e s  a f t e r  t h e  i n f u s i o n  o f
(1 6 7 )
g l y c e r o l  o re  g i v e n  in  T a b le  34 . The a ppe arance  o f  sm a l l  
c o n c e n t r a t i o n s  o f  p h o s p h a t i d i c  a c i d  in  t h e  plasma o f  s u b j e c t  E,
10 m in utes  a f t e r  t h e  g l y c e r o l  i n f u s i o n  was o f  p a r t i c u l a r  i n t e r e s t ,
f o r  t h i s  p h o s p h o l i p i d  c o u l d  w e l l  c o n t r i b u t e  t o  t h e  t i t r a t a b l e
25
a c i d i t y  o f  t h e  h ep ta n e  e x t r a c t  in  t h e  D o le  ( 1 9 5 6 )  p r o c e d u r e .
From t h e  r e s u l t s  f o r  t h e  plasma sam ples  o b t a i n e d  from s u b j e c t  E 
10 m in utes  a f t e r  t h e  g l y c e r o l  i n f u s i o n ,  i t  may be c a l c u l a t e d
t h a t  t h e  t i t r a t a b l e  a c i d i t y  o f  t h e  n o n - f a t t y  a c i d  co n ta m in a n t
25
o f  t h e  h e p ta n e  phase  o f  t h e  Do le  ( 1 9 5 6 )  e x t r a c t  amounted t o  about  
700  u e q u i v a l e n t s / l i t r e  o f  p la sm a,  Even i f  a l l  o f  t h e  p h o s p h a t i d i c  
a c i d  in t h e  plasma o f  s u b j e c t  E o b t a i n e d  10 m in ut es  a f t e r  t h e
g l y c e r o l  i n f u s i o n  p a s s e d  i n t o  t h e  h e p t a n e  phase  d u r in g  t h e
25
D o le  ( 1 9 5 6 )  e x t r a c t i o n  (a most u n l i k e l y  s i t u a t i o n ,  in  v i e w  o f  
t h e  p o l a r i t y  o f  p h o s p h a t i d i c  a c i d ) ,  i t  may a l s o  be c a l c u l a t e d  
t h a t  t h i s  amount o f  p h o s p h a t i d i c  a c i d  c o u l d  o n l y  account f o r  about  
10% o f  th e  t i t r a t a b l e  a c i d i t y  due t o  t h e  n o n - f a t t y  co n ta m in a n t  
in  t h e  h ep ta n e  p h a s e .  Moreover,  p h o s p h a t i d i c  a c i d  was not  
d e t e c t e d  in  t h e  plasma o f  s u b j e c t s  F and G a f t e r  g l y c e r o l  i n f u s i o n .  
In a l l  t h r e e  s u b j e c t s ,  g l y c e r o l  i n f u s i o n  r e s u l t e d  in  a d e c r e a s e  
in  t h e  p r o p o r t i o n  o f  p h o s p h a t i d y l  c h o l i n e  and an i n c r e a s e  in  th e  
p r o p o r t i o n  o f  s p h i n g o m y e l i n  in  t h e  plasma p h o s p h o l i p i d s  ( T a b le  34) .  
The r e a s o n  f o r  t h i s  change in  plasma p h o s p h o l i p i d  c o m p o s i t i o n  i s  
as y e t  u n c ld a r  but  i t  i s  u n l i k e l y  t h a t  such a change in  t h e  
p h o s p h a t i d y l  c h o l i n e : s p h i n g o m y e l i n  r a t i o  in  t h e  p h o s p h o l i p i d s  
e x t r a c t e d  by t h e  h ep ta n e  c o u ld  e x e r t  any a p p r e c i a b l e  i n f l u e n c e  
on t h e  t i t r a t a b l e  a c i d i t y  o f  t h e  h e p ta n e  p h a s e .
(163)
T \ B L F 2 9 ,  STUDY 8 E f f e c t  o f  i n t r a v e n o u s  g l y c e r o l  i n f u s i o n  on t h e
plasma c o n c e n t r a t i o n  o f  u n e s t e r i f i e d  f a t t y  a c i d s  
( u e q / 1 )  as d e te r m i n e d  by a t i t r i m e t r i c  method  
(D o l e  1 9 5 6 ) ,  and on t h e  plasma c o n c e n t r a t i o n s  o f  each  
l i p i d  f r a c t i o n  (mg f a t t y  a c i d / 1 0 0  ml)  as d e te rm in ed  by 
a g a s - l i q u i d  ch r o m a t o g r a p h ic  (G O method ( C h r i s t i e  e t  a l  
1 9 7 0 ) .
(3  s u b j e c t s ;  i n d i v i d u a l  v a l u e s )
Time a f t e r  g l y c e r o l  i n f u s i o n  (min)
Plasma l i p i d
f r a c t i o n S u b j e c t 0 5 10 20 30 40
U n e s t e r i f i e d  f a t t y E 710 940 962 870 807
a c i d s  ( u e q / 1 ) F 820 1030 1147 999 881 810
by t i t r i m e t r i c  method G 580 777 899 770 670 530
T o t a l  f a t t y  a c i d s E 286 275 271 275 268
(m g/100 m l )  by F 325 290 306 294 299 293
GLC G 194 179 182 177 193 189
U n e s t e r i f i e d  f a t t y E 1 9 . 3 9 . 8 6 , 7 7 . 3 8 . 6
a c i d s  (m g/100  ml) F 2 3 . 0 1 0 . 4 8 . 9 9 . 9 1 2 . 0 1 3 . 0
by GLC G 1 6 .5 6 . 0 3 . 5 3 . 7 7 . 3 9 . 3
C h o l e s t e r y l  e s t e r s E 7 8 . 2 8 5 . 3 7 9 . 6 8 3 . 5 7 4 . 1
(mg f a t t y  a c i d / 1 0 0  ml) F 9 3 . 2 9 1 . 0 9 3 . 9 8 9 . 9 9 6 . 3 9 0 . 6
by GLC G 6 9 . 3 7 1 . 0 7 2 . 2 6 5 . 2 6 7 . 3 6 8 . 6
T r i g l y c e r i d e s E 7 4 . 3 7 5 . 2 7 3 . 4 7 0 . 8 7 0 . 4
(mg f a t t y  a c i d s / 1 0 0  ml) F 8 9 . 3 8 3 . 0 5 6 . 7 7 9 . 2 8 3 . 7 8 5 . 6
by GLC G 3 5 . 4 3 3 . 2 3 8 . 4 3 8 . 0 3 8 . 4 3 9 . 2
P h o s p h a l i p i d s E 1 1 3 . 8 1 0 4 . 5 1 1 1 . 0 1 1 3 . 0 1 1 4 . 9
(mg f a t t y  a c i d s / 1 0 0  ml) F 1 1 9 . 5 1 0 6 . 0 1 1 7 ,1 1 1 5 . 0 1 07 .1 1 0 4 . 0
by GLC G 7 2 . 7 6 8 . 9 6 7 . 6 7 0 . 1 6 9 . 8 7 1 . 5
( 169)
TABLE 3 0 ,  STUDY 0 F a t t y  a c i d  c o m p o s i t i o n s  ( w t .  p e r c e n t a g e s  o f  t h e  t o t a l s )
o f  t h e  plasma u n e s t e r i f i e d  f a t t y  a c i d s  o f  s u b j e c t s  
g i v e n  an i n t r a v e n o u s  i n f u s i o n  o f  g l y c e r o l
Time a f t e r  g l y c e r o l  i n f u s i o n  (min)
0 5 10 20 30 40
1 6 : 0  • 2 5 . 4 2 6 . 5 2 6 . 3 2 5 . 4 2 4 . 7
16:1 4 . 8 5 . 8 5 . 4 4 . 9 5 . 7
1 8 :0 2 0 . 2 1 9 . 5 1 8 . 9 1 9 .4 2 1 . 0
18:1 3 6 . 0 3 3 . 5 3 4 . 7 3 3 . 8 3 4 . 9
1 8:2 9 . 2 1 0 . 3 11.1 9 . 8 1 0 . 2
1 8:3 3 . 7 4 . 8 4 , 2 5 . 7 4 . 0
S u b j e c t  F
1 6 : 0 3 4 . 2 3 3 . 8 3 2 , 3 3 3 . 8 3 4 . 1 3 2 . 4
16:1 3 . 4 3 . 1 3 . 8 3 . 1 3 . 6 3 . 3
1 8 : 0 2 4 . 6 2 3 . 2 2 5 . 0 2 4 . 1 2 2 . 2 2 5 . 2
18:1 2 8 . 7 3 0 . 2 3 1 . 7 2 8 . 9 3 1 . 2 2 9 . 7
1 8 :2 7 . 4 7 . 1 6 . 7 7 . 9 8 . 0 6 . 9
18 :3 1 . 7 1 . 7 1 . 0 1 . 8 1 . 7 1 . 6
S u b j e c t  G
1 6 : 0 2 7 . 9 2 6 . 4 2 8 . 0 2 6 . 8 2 7 . 0 2 8 . 0
16:1 4 . 0 4 . 7 5 . 0 4 . 6 4 . 8 3 . 9
1 8 :0 2 2 . 5 2 4 . 2 2 3 . 1 2 2 . 9 2 4 . 0 2 3 . 3
18:1 3 3 . 9 3 3 . 9 3 4 . 6  ' 3 4 . 0 3 4 . 3 3 4 . 9
18:2 8 . 1 7 . 3 7 . 8 7 . 6 8 . 0 9 . 1
1 8 :3 1 . 8 2 . 2 2 . 0 2 . 4 1 . 9 2 . 1
( 1 7 0 )
TABLE 31, STUDY 0 F a t t y  a c i d  c o m p o s i t i o n s  (w t .  p e r c e n t a g e s  o f  th e  
t o t a l s ) o f  t h e  plasma t r i g l y c e r i d e s  o f  s u b j e c t s  g i v e n
an i n t r a v e n o u s  i n f u s i o n  o f  g l y c e r o l
S u b j e c t  E
Time a f t e r  g l y c e r o l  i n f u s i o n  (min)
0 5 10 20 30
1 6 : 0 2 4 . 3 2 4 . 1 2 4 . 6 2 4 . 8 2 3 . 3
16:1 6 . 7 5 . 3 6 . 6 7 . 1 6 . 7
1 8 : 0 2 . 7 2 . 6 2 . 7 2 . 1 3 . 0
18:1 4 9 . 3 5 1 . 0 4 9 . 2 4 8 . 7 4 9 . 1
1 8 :2 9 . 7 8 . 8 1 0 . 2 10.1 1 0 . 7
1 8 :3 2 . 6 2 . 8 2 . 7 2 . 7 2 . 9
2 0 : 3 0 . 2 0 . 2 0 . 3 0 . 3 0 . 2
2 0 : 4 1 . 0 1 . 0 1 .1 1 .1 1 . 2
40
S u b j e c t  F
1 6 : 0 2 8 . 8 2 8 . 2 2 7 . 8 2 8 . 7 2 9 . 2 2 7 . 9
16:1 4.1 3 . 8 3 . 8 3 . 7 3 . 9 4 . 0
1 8 :0 2 . 5 2 . 6 2 . 8 3 . 6 2 . 8 3 . 1
18:1 4 2 . 6 4 1 . 4 4 2 . 6 4 3 . 0 4 3 . 0 4 3 . 9
1 8:2 1 4 . 4 1 3 . 3 1 3 . 8 1 3 . 5 1 4 . 4 1 3 . 2
1 8:3 2 . 0 1 . 9 2 . 0 1 . 9 1 . 8 1 . 9
2 0 : 3 0 . 3 0 . 2 0 . 3 0 . 3 0 . 3 0 . 3
2 0 : 4 1 . 8 1 . 6 1 . 6 1 . 6 1 . 6 1 . 6
S u b j e c t  G
1 6 : 0 2 6 . 1 2 6 . 0 2 8 . 2 2 6 . 0 2 8 . 5 2 0 . 4
16:1 5 . 0 6 . 3 5 . 5 5 . 4 6 . 4 5 . 9
1 8 : 0 3 . 6 3 . 1 3 . 7 3 . 4 3 . 5 3 . 5
18:1 4 2 , 6 4 1 . 9 4 3 . 8 4 4 . 0 4 2 . 1 4 1 . 2
18 :2 1 1 . 4 1 1 . 6 1 0 . 9 1 1 .1 1 0 . 6 1 0 . 4
1 8 : 3 3 . 0 3 . 5 2 . 9 2 . 8 2 . 4 2 . 5
2 0 : 3 0 . 4 0 . 7 0 . 4 0 . 3 0 . 3 0 . 4
2 0 : 4 1 . 5 1 . 4 1 . 6 1 . 6 1 . 4 1 . 4
0.71)
TABLE STUDY F a t t y  a c i d  c o m p o s i t i o n s  ( w t .  p e r c e n t a g e  o f  t h e
t o t a l s )  o f  t h e  plasma c h o l e s t e r y l  e s t e r s  o f  s u b j e c t s  
g i v e n  an intravenous i n f u s i o n  o f  g l y c e r o l
Time a f t e r  g l y c e r o l  i n f u s i o n  (min)
0 5 10 20 30 40
1 6 :0 9 . 0 9 . 4 9 . 8 9 . 5 9 . 5
16:1 5 . 0 4 . 6 5 . 1 5 . 0 4 . 5
1 8 : 0 0 . 7 0 . 8 0 . 8 0 . 9 1 . 0
18:1 2 4 . 3 2 4 . 0 2 4 . 5 2 3 . 7 2 3 . 8
1 8 :2 5 1 . 0 4 8 . 6 4 9 . 6 4 9 . 6 4 8 . 7
1 8 :3 1 . 9 1 . 8 1 .4 1 .4 1 . 9
2 0 : 3 0 . 4 0 . 5 0 . 5 0 . 4 0 . 6
2 0 : 4 4 . 2 4 . 4 4 . 3 4 . 4 4 . 7
2 2 : 6 0 . 8 0 . 8 1 . 0 1 . 3 1 . 0
S u b j e c t  F
1 6 :0 1 1 . 0 1 1 . 7 1 0 . 6 1 0 . 9 1 0 . 9 1 0 . 5
16:1 3 . 6 3 . 4 3 . 2 3 . 3 3 . 3 3 . 3
1 8 :0 1 .4 1 . 2 1.1 1 .1 1 .1 1 . 0
18:1 2 2 . 4 2 3 . 7 2 3 . 3 2 3 . 1 2 3 . 4 2 3 . 2
1 8:2 4 9 . 1 4 8 . 8 4 9 . 6 4 9 . 0 4 9 . 2 4 9 . 5
1 8 :3 0 . 9 0 . 7 0 . 8 0 . 8 0 . 7 0 . 8
2 0 : 3 0 . 6 0 . 6 0 . 6 0 . 6 0 . 6 0 . 6
2 0 : 4 8 . 0 7 . 9 7 . 6 7 . 8 7 . 6 7 . 3
2 2 : 6 0 . 7 0 . 7 0 . 9 0 . 9 1 . 0 1.1
S u b j e c t  G
1 6 : 0 1 1 .1 1 1 . 3 1 2 . 8 1 1 . 4 1 2 . 3 1 1 . 6
16:1 2 . 8 3 . 0 3 . 0 2 . 6 3 . 3 3 . 2
1 8 : 0 1 . 0 1 . 0 1 .1 1 . 2 1 . 0 1 . 0
18:1 2 1 . 9 2 2 . 2 2 1 . 9 2 2 . 9 2 1 . 7 2 0 . 8
1 8:2 4 6 . 5 4 7 . 4 4 7 . 9 4 8 . 6 4 7 . 6 4 7 . 0
1 8 :3 1 . 6 1 . 3 1 . 6 1 . 0 1 . 7 1 . 6
2 0 : 3 0 . 8 0 . 6 0 . 7 0 . 7 0 . 7 0 . 7
2 0 : 4 5 . 9 5 . 9 5 . 9 6 . 2 6 . 3 6 . 2
2 2 : 6 1 . 3 1 . 2 0 . 9 1 . 3 1 . 3 1 . 4
TABLE 33, STUD7 8  F a t t y  a c i d  c o m p o s i t i o n s  ( w t ,  p e r c e n t a g e s  o f  t h e  t o t a l s )
o f  t h e  plasma p h o s p h o l i p i d s  o f  s u b j e c t s  g i v e n  an 
i n t r a v e n o u s  i n f u s i o n  o f  g l y c e r o l
Time a f t e r  g l y c e r o l  i n f u s i o n  (min)
0 5 10 20 30 40
16:0 3 0 . 8 3 0 . 0 3 0 . 6 2 8 . 7 2 9 . 1
16:1 1 .1 1 . 3 1 .1 1 . 2 1 . 4
18 :0 1 1 . 0 1 1 . 5 1 1 . 3 11.1 1 1 . 0
18:1 1 5 . 9 16 .1 1 6 . 3 1 6 . 2 1 5 . 9
18:2 2 3 . 5 2 3 . 4 2 3 . 4 2 4 . 6 2 3 . 9
18:3 0 . 9 0 . 9 1 . 0 1.1 1 . 0
2 0 : 3 2 . 6 2 . 7 2 . 8 2 . 7 2 . 8
2 0 :4 6 . 9 7 . 2 7 . 0 6 . 9 7 . 2
2 2 : 5 1 . 0 1 . 0 1 . 0 0 . 9 1 .1
2 2 : 6 4 . 7 5 . 4 4 . 5 4 . 6 5 . 1
S u b j e c t  F
16 :0 3 2 . 9 3 4 . 0 3 2 . 3 3 4 . 2 3 4 . 8 3 3 . 3
16:1 0 . 8 0 . 4 0 . 5 0 . 7 0 . 7 0 . 7
18 :0 1 1 . 9 1 2 .4 1 1 . 8 1 1 . 9 1 2 . 0 1 2 . 4
18:1 1 2 . 2 1 1 . 3 1 2 . 2 1 1 . 8 1 0 . 9 1 1 . 0
18:2 2 0 . 3 1 9 .4 2 0 . 5 1 9 . 5 1 9 . 7 1 9 . 6
18:3 0 . 7 0 . 7 0 . 7 0 . 7 0 . 6 0 . 6
2 0 :3 3 . 2 3 . 1 3 . 5 3 . 4 3 . 4 3 . 1
2 0 :4 1 1 . 4 1 1 . 5 1 1 . 5 1 0 . 7 1 0 . 9 1 1 . 0
2 2 :5 0 . 8 0 . 9 0 . 7 0 . 7 0 . 9 0 . 9
2 2 : 6 5 . 0 5 . 4 5 . 4 4 . 9 4 . 9 4 . 9
S u b j e c t  G
16:0 3 0 . 3 2 8 . 9 3 1 . 3 2 9 . 6 3 1 . 9 3 1 . 6
16:1 0 . 8 1 . 0 1 . 0 1.1 1 . 0 1 . 3
18:0 1 2 . 7 1 1 . 7 1 2 . 8 1 2 . 7 1 2 . 8 1 2 . 7
18:1 1 3 . 0 1 2 . 9 1 2 . 8 1 3 , 4 13 .1 1 2 . 9
18:2 1 7 . 2 1 8 . 2 1 7 . 9 1 8 . 3 1 8 . 3 1 7 . 7
18:3 0 . 8 0 . 9 0 . 6 0 . 8 0 . 7 0 . 9
2 0 : 3 3 . 8 3 . 9 4 . 1 3 . 8 3 . 7 3 . 8
20:4 9 . 9 1 0 . 9 1 0 .1 1 0 , 0 9 . 8 9 . 8
22 :5 1 . 2 1 . 2 1 . 3 1 . 4 1 . 4 1 . 4
2 2 : 6 6 . 2 6 . 9 6 . 6 7 . 0 6 . 6 6 . 6
(173)
TABLE 34, STUDY 8 E f f e c t  o f  i n t r a v e n o u s  g l y c e r o l  i n f u s i o n  on plasma
p h o s p h o l i p i d  c o m p o s i t i o n  (w t ,  p e r c e n t a g e  o f  t o t a l  
p h o s p h o l i p i d s )  (3  s u b j e c t s ;  i n d i v i d u a l  v a l u e s )
Time a f t e r  g l y c e r o l  
i n f u s i o n  (min)
0 10
S u b j e c t  E
P h o s p h a t i d i c  a c i d  0 . 0  2 . 9
P h o s p h a t i d y l  e t h a n o l a m i n e  2 . 8  3 . 0
P h o s p h a t i d y l  s e r i n e  1 . 3  1 , 6
P h o s p h a t i d y l  c h o l i n e  8 3 . 2  7 6 . 2
S ph ingom ye l in  1 0 .1  1 3 . 9
L y s o p h o s p h a t id y l  c h o l i n e  2 . 6  2 . 4
S u b j e c t  F
P h o s p h a t i d i c  a c i d  0 . 0  0 . 0
P h o s p h a t i d y l  e t h a n o l a m i n e  3 . 2  3 . 2
P h o s p h a t i d y l  s e r i n e  1 . 8  2 . 1
P h o s p h a t i d y l  c h o l i n e  7 9 . 4  7 5 . 1
S ph ingom ye l in  1 2 . 9  1 7 . 4
L y s o p h o s p h a t i d y l  c h o l i n e  2 . 7  2 . 2
S u b j e c t  G
P h o s p h a t i d i c  a c i d  0 . 0  0 . 0
P h o s p h a t i d y l  e t h a n o l a m i n e  2 . 3  2 . 6
P h o s p h a t i d y l  s e r i n e  1 . 8  1 . 6
P h o s p h a t i d y l  c h o l i n e  8 3 . 3  8 0 . 0
S phingom ye l in  9 . 8  1 2 , 9
L y s o l e c i t h i n  2 . 8  2 , 9
STUDY 9 EFFECT OF INTBAVENOUS GLYCEUOL INFUSION ON PL ASM\ 
I. \CT vrF AMD a -GI .YCEROPHOSPU ATE CONCENTR ATION’S
In v i e w  o f  t h e  r e p o r t s  (Gordon 1957; F r e d r i c k s o n  and
O r -i O/l
Gordon 1958V’* Trout  e t  a l  1960 )  “ t h a t  h igh  l e v e l s  o f  plasma
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l a c t a t e  i n t e r f e r e  w i t h  t h e  Do le  ( 1 9 5 6 ) “ method o f  d e t e r m i n i n g
t h e  c o n c e n t r a t i o n s  o f  u n e s t e r i f i e d  f a t t y  a c i d s  in  plasm a,
i t  was d e c i d e d  t o  i n v e s t i g a t e  t h e  e f f e c t  o f  g l y c e r o l  i n f u s i o n
on plasma l a c t a t e  c o n c e n t r a t i o n s .  S i n c e  t h e  f i r s t  s t e p  in  t h e
m e t a h o l i s m  o f  g l y c e r o l  i n v o l v e s  i t s  p h o s p h o r y l a t i o n  w i t h
g l y c e r o k i n a s e  and ATP, i t  was o f  i n t e r e s t  a l s o  t o  d e t e r m i n e
t h e  e f f e c t  o f  g l y c e r o l  i n f u s i o n  on t h e  c o n c e n t r a t i o n  a -
g l y c e r o p h o s p h a t e  in  t h e  p la sm a.
E ig ht  s u b j e c t s  were each g i v e n  an i n t r a v e n o u s  i n f u s i o n  o f
g l y c e r o l  as p r e v i o u s l y  d e s c r i b e d .  B lood  samp les  were ta k e n  b e f o r e
and at  10 and 40 m in u t e s  a f t e r  t h e  g l y c e r o l  i n f u s i o n .  Tn each
plasma sam ple ,  t h e  c o n c e n t r a t i o n  o f  l a c t a t e  was d e te rm in ed  by t h e
method d e s c r i b e d  in  t h e  B io ch e m ica  T e s t  Combinat io n  Cat No
15°72 ( B o e h r i n g e r  C o r p o r a t i o n  London L td )  b a sed  on t h e  p ro c e d u r e  
51o f  Hohorst  (1963) ' ,  and t h e  c o n c e n t r a t i o n  o f  a - g l y c c r o p h o s p h a t e
51was d e te rm in ed  by t h e  method o f  Mohorst ( 1 ° 6 3 ) .
From t h e  r e s u l t s  g i v e n  in  T a b le  3 5 ,  i t  i s  c l e a r  t h a t  t h e
g l y c e r o l  i n f u s i o n  had l i t t l e  o r  no e f f e c t  on t h e  c o n c e n t r a t i o n  o f
plasma l a c t a t e .  T h e r e f o r e ,  t h e r e  would seem t o  be no re a s o n  t o
supp ose  t h a t  i n c r e a s e d  amounts o f  l a c t a t e  p a s s e d  i n t o  t h e
2^
hep ta n e  phase  d u r in g  t h e  D o le  ( 1 ° 5 6 )  ‘ e x t r a c t i o n  o f  t h e  plasma
(175)
sam ples  o b t a i n e d  10 m in u t e s  a f t e r  t h e  g l y c e r o l  i n f u s i o n .  On 
t h e  o t h e r  hand, t h e  g l y c e r o l  i n f u s i o n  r e s u l t e d  in  a marked 
i n c r e a s e  in  t h e  c o n c e n t r a t i o n  o f  a - g l y c e r o p h o s p h a t e  in  t h e  
plasma o b t a i n e d  10 m in u t e s  a f t e r  t h e  i n f u s i o n ,  but d u r in g  t h e  
f o l l o w i n g  30 m in u t e s  t h e  c o n c e n t r a t i o n  o f  a - g l y c e r o p h o s p h a t e  
d e c r e a s e d  t o  a l e v e l  s i m i l a r  t o  t h a t  o b s e r v e d  b e f o r e  t h e  
i n f u s i o n .  Thus,  i t  may be c a l c u l a t e d  t h a t  d u r in g  t h e  f i r s t  10 
m in u t e s  a f t e r  t h e  g l y c e r o l  i n f u s i o n ,  t h e  c o n c e n t r a t i o n  o f  
a - g l y c e r o p h o s p h a t e  in  t h e  plasma i n c r e a s e d  by about  20 u 
e q u i v a l e n t s / l i t r e ;  in t h e  u n l i k e l y  e v e n t  o f  a l l  o f  t h i s  a d d i t i o n a l
a - g l y c e r o p h o s p h a t e  p a s s i n g  i n t o  t h e  h e p ta n e  phas e  d u r in g  t h e
25
D o le  ( 1 9 5 6 )  e x t r a c t i o n ,  i t  would a cc o un t  f o r  o n l y  about  5% o f  t h e  
t i t r a t a b l e  a c i d i t y  due t o  t h e  n o n - f a t t y  a c i d  c o n t a m in a n t .
STUDY 10 THE PROPORTION OF LACTATE TAKEN UP INTO THE HEPTANE 
PHASE PURTNG THE DOLE ( 1 9 5 6 )  EXTRACTION OF PLASMA 
SAMPLES OBTAINED FROM SUBJECTS GIVEN AN INTRAVENOUS 
INFUSION OF GLYCEROL
124
Trout  e t  a l  ( 1 9 6 0 )  found t h a t  when plasma was e x t r a c t e d
25
by t h e  method o f  D o le  ( 1 9 5 6 ) ,  about  2.0?o o f  t h e  t o t a l  plasma  
l a c t a t e  p a s s e d  i n t o  t h e  h e p t a n e  p h a s e .  However,  t h e  v o l a t i l i t y
o f  l a c t i c  a c i d  i s  such t h a t  i t  seemed p o s s i b l e  t h a t  w i th  th e
124
p a r t i c u l a r  p r o ce d u re  u s e d ,  Trout  e t  a l  ( 1 9 6 0 )  might  have u n d e r e s t i m a t e d  
t h e  c o n c e n t r a t i o n  o f  l a c t i c  a c i d  i n t h e  unwashed h e p ta n e  p h a s e .
T h i s  p o s s i b i l i t y  was i n v e s t i g a t e d  in  Study  10 in  which t h e  p a r t i t i o n
25
o f  l a c t a t e  between t h e  aqueous  and h ep ta n e  p h a s e s  o f  t h e  D o le  (1 9 5 6 )  
e x t r a c t  was d e te rm in e d  w i t h  ( 1 - ^ C ) - l a c t a t e .
Two s u b j e c t s  were each g i v e n  on i n t r a v e n o u s  i n f u s i o n  o f
g l y c e r o l  as  in  Study  1 . Blood sam p les  were ta k en  b e f o r e  and 10,
20 ,  30  and 40 m in u t e s  a f t e r  t h e  g l y c e r o l  i n f u s i o n .  The
c o n c e n t r a t i o n  o f  l a c t a t e  ivas d e t e r m i n e d  in  a p o r t i o n  o f  each
51
plasma sample  by t h e  method o f  Hohors t  ( 1 9 6 3 ) .  C a r r i e r - f r e e  
( 1 - '  ) - l a c t a t e  ( o b t a i n e d  from t h e  R a d i o c h e m i c a l  C e n t r e ,  \mersham,  
B uc ks )  w i th  a r a d i o a c t i v i t y  o f  1 1 6 , 0 0 0  dpm was added t o  a f u r t h e r
p o r t i o n  (2 ml)  o f  each plasma sample;  t h e s e  were th en  e x t r a c t e d
25
by t h e  method o f  D o le  ( 1 9 5 6 ) .  P o r t i o n s  o f  t h e  h ep ta n e  e x t r a c t s
were c o u n ted  in  10 ml o f  o r g a n i c  s c i n t i l l a t o r  ( 5 . 0  g o f  2 , 5 -
d i p h e n y l  o x a z o l e  and 0 . 5  g o f  1 , 4  t r i s - 2 - ( 4 - m e t h y l - 4  phe ny l
o x a z o l y l ) - b e n z e n e  per  l i t r e  o f  t o l u e n e )  in a s ta n d a rd  g l a s s  v i a l .
R a d i o a c t i v i t y  was d e te rm in ed  in  a Packard 2425 S c i n t i l l a t i o n
S p e c t r o m e t e r  (Packard  I n s t r u m e n t s  L td ,  I l l i n o i s ,  USA). C o r r e c t i o n
f o r  c o u n t i n g  e f f i c i e n c y  was made by t h e  use  o f  an e x t e r n a l  
226s ta n d a r d  (*“ R a ) .  Thus,  from t h e  s p e c i f i c  r a d i o a c t i v i t y  o f  t h e  
l a c t a t e  in  t h e  plasma and t h e  r a d i o a c t i v i t y  in t h e  h e p t a n e  p h a s e ,  
t h e  p e r c e n t a g e  o f  plasma l a c t a t e  taken  up in  t h e  h ep ta n e  phas e  
c o u l d  be c a l c u l a t e d  ( T a b le  3 6 ) .
In agreement  w i t h  t h e  r e s u l t s  o f  S tudy  9 t t h e  i n f u s i o n  o f  
g l y c e r o l  was found t o  have l i t t l e  or no e f f e c t  on t h e  c o n c e n t r a t i o n  
o f  plasma l a c t i c  a c i d  ( T a b le  3 6 ) .  In t h e  b lo o d  samples  ta k en  
i m m e d i a t e l y  b e f o r e  t h e  i n f u s i o n ,  t h e  v a l u e s  f o r  t h e  p e r c e n t a g e  
o f  t o t a l  plasma l a c t a t e  taken  up i n t o  t h e  h e p ta n e  phas e  ( 2 . 2  and 
2.9%) are  somewhat h i g h e r  t h a n ,  but  a re  o f  t h e  same o rd er  as t h o s e
(177)
124
( 1 . 8  and 2.2%) o b t a i n e d  by Trout  e t  a l  ( 1 9 6 0 )  u s i n g  a v e r y  
d i f f e r e n t  a n a l y t i c a l  p r o c e d u r e .  It. i s  not  c l e a r  why t h e  
p r o p o r t i o n  o f  plasma l a c t a t e  ta k en  up i n t o  t h e  h ep ta n e  phas e  
v a r i e d  w i t h  t i m e  a f t e r  g l y c e r o l  i n f u s i o n ;  in  both s u b j e c t s  
maximum v a l u e s  ( 3 . 4  and 3.8%) were o b s e r v e d  20 m in u t e s  a f t e r  
t h e  i n f u s i o n .  S i n c e  t h e  c o n c e n t r a t i o n  o f  plasma l a c t a t e  
d id  not  v a r y ,  i t  must be assumed t h a t  t h e r e  was a change  
in  t h e  c o n c e n t r a t i o n  o f  some o t h e r  plasma c o n s t i t u e n t  t h a t  
e x e r t s  some i n f l u e n c e  on t h e  p a r t i t i o n  o f  l a c t a t e  be tween  t h e  
aqueous and h e p ta n e  p h a s e s .  I t  s h o u ld  be n o ted  t h a t  t h e  
maximum c o n c e n t r a t i o n s  o f  g l y c e r o l  were found in t h e  plasma  
s am ples  o b t a i n e d  5 m in utes  a f t e r  t h e  i n f u s i o n .
TABLE 3 5 ,  STUDY 9 E f f e c t  o f  i n t r a v e n o u s  g l y c e r o l  i n f u s i o n  on
plasma l a c t a t e  and a - g l y c e r o p h o s p h a t e  c o n c e n t r a t i o n s .  
(8  s u b j e c t s ;  mean v a l u e s  w i th  t h e i r  s ta n d a r d  e r r o r s )
Time a f t e r  g l y c e r o l  i n f u s i o n  (min)
Plasma
c o n c e n t r a t i o n  0 10 40
l a c t a t e  1 3 . 7  13.1  1 2 . 7
(m g/100 ml)  . ± 0 . 3 8  + 0 . 5 4  +0 .5 2
a - g l y c e r o p h o s p h a t e  4 . 1 1  8 . 4 0  4 . 4 9
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FURTHER INVESTIGATIONS INTO THE IDENTITY OF THE UNKNOWN
\CIDICCOMPONENT
V a r io u s  a t t e m p t s  w ere  made t o  i d e n t i f y  t h e  unknown a c i d i c  
component t h a t  a p p a r e n t l y  a ccum ula ted  in  t h e  plasma a f t e r  t h e  
i n t r a v e n o u s  i n f u s i o n  o f  g l y c e r o l ,  and t h a t  p a s s e d  i n t o  t h e
h ep ta n e  phase  d u r in g  t h e  e x t r a c t i o n  o f  t h e  plasma by t h e  method
25
o f  D o le  ( 1 9 5 6 ) .  These  a t t e m p t s  were no t  s u c c e s s f u l  and t h e r e f o r e  
w i l l  be d e s c r i b e d  o n l y  b r i e f l y .  Most o f  t h e  work i n v o l v e d  a
com par ison  o f  t h e  c o m p o s i t o n s  o f  t h e  h e p ta n e  p ha ses  o b t a i n e d  from
25
t h e  D o le  ( 1 9 5 6 )  e x t r a c t i o n  o f  t h e  plasma o b t a i n e d  from a number o f  
s u b j e c t s  i m m e d i a t e l y  b e f o r e  or  10 m i n u t e s  a f t e r  t h e  i n t r a v e n o u s  
i n f u s i o n  o f  g l y c e r o l .  In many i n s t a n c e s  a p p r o p r i a t e  h e p t a n e  
e x t r a c t s  were p o o le d  b e f o r e  e x a m i n a t i o n .
SHORT-CHUN FATTY AC TPS. The p o s s i b i l i t y  t h a t  t h e  h e p ta n e
e x t r a c t s  o f  t h e  plasma n i g h t  c o n t a i n  s h o r t - c h a i n  f a t t y  a c i d s
was i n v e s t i g a t e d  by g a s - l i q u i d  c h rom ato grap h y .  The method used
24
was e s s e n t i a l l y  t h a t  o f  Cott.yn and Boucque ( 1 9 6 0 ) .  The chrom atograp hy  
column was o f  10fj (w/w)  Carbowax 20M ab sorb ed  o n to  Chromosorb G,
0 0 - 1 0 0  mesh ( P e r k in - E l m e r  L td ,  B e a c o n s f i e l d ) and was housed in  a 
Pye 104 gas  chromatograph f i t t e d  w i t h  dua l  f lam e  i o n i z a t i o n  
d e t e c t o r s .  The chromatograph was o p e r a t e d  w i th  a t e m p e r a tu r e  
programmed c y c l e  from 9 0 °C t o  130°C,  r i s i n g  by 4°C p er  m in u t e .
T h i s  method s e p a r a t e d  and a n a l y s e d  s y n t h e t i c  m i x t u r e s  o f  a c e t i c ,  
p r o p i o n i c ,  n - b u t y r i c ,  i s o v a l e r i c  and n - v a l e r i c  a c i d s .  U t h o u g h  
t r a c e  c o n c e n t r a t i o n s  o f  t h e s e  s h o r t - c h a i n  f a t t y  a c i d s  were found in
t h e  h e p t a n e  e x t r a c t s  o f  t h e  p la sm a,  t h e  c o n c e n t r a t i o n s  were t o o  
sm al l  t o  a f f e c t  s i g n i f i c a n t l y  t h e  t i t r a t a b l e  a c i d i t y  o f  t h e  
hepta ne  p h a s e .  Moreover,  t h e r e  were no d i f f e r e n c e s  in  t h e s e  
v e r y  sm a l l  c o n c e n t r a t i o n s  o f  s h o r t - c h a i n  a c i d s  in  t h e  h e p ta n e  
e x t r a c t s  o f  t h e  plasma o b t a i n e d  b e f o r e  and 10 m in u te s  a f t e r  t h e  
g l y c e r o l  i n f u s i o n .  T hese  f i n d i n g s  are  c o n s i s t e n t  w i t h  t h o s e  o f  
Study 3  which showed t h a t  t h e  i n t r a v e n o u s  i n f u s i o n  o f  g l y c e r o l  
did  not  i n c r e a s e  t h e  c o n c e n t r a t i o n s  o f  s h o r t - c h a i n  a c i d s  in  t h e  
u n e s t e r i f i e d  f a t t y  a c i d  f r a c t i o n  o f  t h e  p la sm a.
KREBS CYCLE INTERNEDI\TES \HD RELITED CARBOXYLIC ACIDS. Alth ou gh
25
D ole  (1 9 5 6 )  r e p o r t e d  t h a t  t h e  a d d i t i o n  o f  a - k e t o g l u t a r i c ,  
p - h y d r o x y b u t y r i c , s u c c i n i c ,  c i t r i c ,  m a l i c  and p y r u v i c  a c i d s  t o  
normal plasma r e s u l t e d  in  n e g l i g i b l e  i n c r e a s e s  in  t h e  
t i t r a t a b l e  a c i d i t y  o f  t h e  h e p t a n e  e x t r a c t s  o f  t h e  p la sm a,  i t  
seemed n e c e s s a r y  to  a s c e r t a i n  w h e t h e r  i n c r e a s e d  amounts o f  t h e s e  
and r e l a t e d  a c i d s  p a s s e d  i n t o  t h e  h e p ta n e  e x t r a c t  o f  t h e  plasma  
o b t a i n e d  from s u b j e c t s  g i v e n  an i n t r a v e n o u s  i n f u s i o n  o f  g l y c e r o l .  
P o r t i o n s  o f  t h e  h ep ta n e  e x t r a c t s  were a n a l y s e d  by an a d a p t a t i o n
o f  t h e  g a s - l i q u i d  c h ro m a t o g ra p h ic  p r o c e d u r e s  d e s c r i b e d  by
31 11
E s t e s  and Bachman ( 1 9 6 6 )  and B a r n e t t  e t  a l  ( 1 9 6 8 ) .  Methyl  e s t e r s
o f  p y r u v i c ,  l a c t i c ,  m a l o n i c ,  f u m a r i c ,  s u c c i n i c ,  m a l i c ,  
a - k e t o g l u t a r i c ,  c i s a c o n i t i c ,  c i t r i c ,  o x a l o a c e t i c  and p - h y d r o x y b u t y r i c  
a c i d s  were  prep are d  w i t h  m e t h a n o l i c  HC1 or  d ia z o m e t h a n e .  \  m i x t u r e  
o f  t h e  m eth y l  e s t e r s  o f  t h e s e  a c i d s  was w e l l  s e p a r a t e d  by g a s - l i q u i d  
chromatography  on a column o f  10?' (w/w) d i e t h y l e n e  g l y c o l  a d i p a t e  on
am)
Chromosorb W. \  Pye 104 gas  chromatograph  was used w i t h  
d u a l  f l a m e  i o n i z a t i o n  d e t e c t o r s ,  and t h e  a n a l y s e s  were t e m p e r a t u r e  
programmed from an i n i t i a l  column t e m p e r a t u r e  o f  88°C t o  175°C,  
r i s i n g  by 7 . 5 ° C  per m i n u t e .  T race  c o n c e n t r a t i o n s  o f  p y r u v i c ,  
l a c t i c ,  f u m a r i c , s u c c i n i c ,  m a l i c ,  c i t r i c ,  o x a l o a c e t i c ,  a - k e t o g l u t a r i c  
and B - h y d r o x y b u t y r i c  a c i d s  were found in  t h e  h e p ta n e  e x t r a c t s  o f  
t h e  plasma samp les  o b t a i n e d  b e f o r e  and 10 m in ut es  a f t e r  t h e  
i n t r a v e n o u s  i n f u s i o n  o f  g l y c e r o l .  There  was a l s o  e v i d e n c e  o f  a 
t e n d e n c y  f o r  t h e  c o n c e n t r a t i o n s  o f  most o f  t h e s e  a c i d s  in t h e  
h e p ta n e  phase  t o  i n c r e a s e  as a r e s u l t  o f  t h e  g l y c e r o l  i n f u s i o n .
In agreement  w i t h  t h e  r e s u l t s  o f  S tu dy  10, t h i s  t e n d e n c y  was  
most e v i d e n t  w i t h  l a c t i c  a c i d .  However,  c a l c u l a t i o n s  showed  
t h a t  t h e  p r e s e n c e  o f  t h e s e  s m a l l  amounts o f  c a r b o x y l i c  a c i d s  
in  t h e  h e p t a n e  e x t r a c t  o f  t h e  plasma o b t a i n e d  10 m in u t e s  a f t e r  
t h e  g l y c e r o l  i n f u s i o n  had a n e g l i g i b l e  e f f e c t  on t h e  t i t r a t a b l e  
a c i d i t y  o f  t h e  h e p ta n e  p h a s e .
o-GLYCSRQPIIOSPIiORIC AND RELATED 1C IDS. The r e s u l t s  o f  S tu dy  9 
shewed t h a t  t h e  i n t r a v e n o u s  i n f u s i o n  o f  g l y c e r o l  r e s u l t e d  in  i n c r e a s e d  
c o n c e n t r a t i o n s  o f  a - g l y c e r o p h o s p h a t e  in  t h e  p la sm a,  but  i t  was
c a l c u l a t e d  t h a t  even i f  a l l  o f  t h e  i n c r e a s e d  amount o f  a - g l y c e r o p h o s p h a t e
25
p a s s e d  i n t o  t h e  h e p t a n e  p ha se  d u r in g  t h e  D o le  ( 1 9 5 6 )  e x t r a c t i o n ,  i t  
would o n l y  a c c o u n t  f o r  a v e r y  sm a l l  p r o p o r t i o n  o f  t h e  t i t r a t a b l e  
a c i d i t y  o f  t h e  h e p t a n e  . N e v e r t h e l e s s  i t  seemed d e s i r a b l e  t o  
c o n f i r m  t h a t  a - g l y c e r o p h o s p h a t e  and m e t a b o l i t e s  d e r i v e d  from i t  were  
n o t  c o n t r i b u t i n g  t o  t h e  t i t r a t a b l e  a c i d i t y  o f  t h e  h e p t a n e  e x t r a c t
o f  th e  plasma o b t a i n e d  10 m in u t e s  a f t e r  t h e  g l y c e r o l  i n f u s i o n .
P o r t i o n s  o f  t h e  h e p t a n e  e x t r a c t  were a n a l y s e d  by t h e  g a s - l i q u i d
47
ch ro m a to g ra p h ic  p r o c e d u r e  o f  I lashizume and S a s a k i  ( 1 9 6 6 )  but  
n e i t h e r  a - g l y c e r o p h o s p h o r i c , B - g l y c e r o p h o s p h o r i c , 2 - p h o s p h o g l y c e r i c  
nor 3 - p h o s p h o g l y c e r i c  a c i d s  co u ld  be d e t e c t e d  in  t h e  e x t r a c t s  
o b t a i n e d  from t h e  plasma e i t h e r  b e f o r e  or  a f t e r  t h e  g l y c e r o l  i n f u s i o n .
DTLE \CIDS \ND AROMATIC- V I P S . Although t h e r e  seemed no r e a s o n  
t o  suppose  t h a t  t h e  i n t r a v e n o u s  i n f u s i o n  o f  g l y c e r o l  would r e s u l t  
in  i n c r e a s e d  plasma l e v e l s  o f  a ro m a t i c  and b i l e  a c i d s ,  t h e s e  a c i d s ,
i f  p r e s e n t ,  would be e x p e c t e d  t o  p a ss  i n t o  t h e  h e p ta n e  phas e  d u r in g
25
t h e  Do le  ( 1 9 5 6 )  e x t r a c t i o n  o f  t h e  p la sm a.
P o r t i o n s  o f  t h e  h e p ta n e  e x t r a c t s  were examined by t h i n - l a y e r  
chromatography on S i l i c a  Gel  G w i th  a s o l v e n t  s ys te m  o f
c h l o r o f o r m - a c e t i c  a c i d  ( 9 0 : 1 0  v / v )  a c c o r d i n g  t o  t h e  method d e s c r i b e d
130
by Waldi ( 1 9 6 5 ) .  B i l e  a c i d s  ( e g  c h o l i c ,  d e o x y c h o l i c  and
d e h y d r o c h o l i c  a c i d s )  c o u l d  not  be d e t e c t e d  when t h e  c h r o m o p l a t e s
were sprayed  w i t h  t h e  phosphomolybd ic  a c i d ,  Liebermann-Burchard  or
130
v a n i l l i n - s u l p h u r i c  a c i d  r e a g e n t s  (Waldi  1 9 6 5 ) .
Examinat ion  o f  t h e  h e p ta n e  e x t r a c t s  by t h e  g a s - l i q u i d  ^
ch ro m a to g ra p h ic  p r o c e d u r e s  d e s c r i b e d  by W i l l i a m s  and S w e e le y  ( 1 9 6 4 )  
showed t h e  p r e s e n c e  o f  t r a c t  c o n c e n t r a t i o n s  o f  p - h y d r o x y p h e n y l  a c e t i c  
a c i d  and t h e  g l y c i n e  c o n j u g a t e s  o f  b e n z o i c  and p h e n y l a c e t i c  a c i d s .  
However,  co m par ison  o f  t h e  h e p ta n e  e x t r a c t s  o b t a i n e d  b e f o r e  and 10 
m in utes  a f t e r  t h e  g l y c e r o l  i n f u s i o n  r e v e a l e d  no d i f f e r e n c e s  in  t h e  
sm al l  c o n c e n t r a t i o n s  o f  t h e s e  aro m a t ic  a c i d s .  In any e v e n t ,  i t  was
c a l c u l a t e d  t h a t  t h e s e  v e r y  s n a i l  amounts  o f  a r o m a t i c  a c i d s  would  
have a n e g l i g i b l e  e f f e c t  on t h e  t i t r a t a b l e  a c i d i t y  o f  t h e  h e p ta n e  
p h a s e .
PL\STICTZER. P o r t i o n s  o f  t h e  h e p t a n e  phas e  d e r i v e d  from t h e  
D o le  (1 9 5 6 )  e x t r a c t i o n  o f  t h e  plasma o b t a i n e d  i m m e d i a t e l y  b e f o r e  
or 10 m in ut es  a f t e r  t h e  g l y c e r o l  i n f u s i o n  were examined by t h i n  
l a y e r  chromatography on K i e s e l g e l  G p l a t e s  w i th  a s o l v e n t  
sy s tem  o f  h e x a n e - d i e t h y l  e t h e r - f o r m i c  a c i d  ( 8 0 : 2 0 : 2 ,  by v o l ) .
In a d d i t i o n  t o  u n e s t e r i f i e d  f a t t y  a c i d s , t h e  h e p t a n e  e x t r a c t s  
were found t o  c o n t a i n  c h o l e s t e r y l  e s t e r s ,  f r e e  c h o l e s t e r o l ,  
t r i g l y c e r i d e s  and p ho sp h o l ip ids ,  and as might  he e x p e c t e d  from 
t h e  r e s u l t s  o f  p r e v i o u s  e x p e r i m e n t s ,  t h e  i n f u s i o n  o f  g l y c e r o l  
d e c r e a s e d  t h e  p r o p o r t i o n  o f  u n e s t e r i f i e d  f a t t y  a c i d s  in  t h e  
h ep ta n e  p h a s e ,  but  d id  not  a l t e r  t h e  p r o p o r t i o n s  o f  t h e  o t h e r  
plasma l i p i d s .  However,  e x a m in a t i o n  o f  t h e  chromatograms o f  
t h e  hep ta n e  e x t r a c t s  o f  t h e  plasma o b t a i n e d  10 m i n u t e s  a f t e r  
t h e  g l y c e r o l  i n f u s i o n  r e v e a l e d  t h e  p r e s e n c e  o f  a component t h a t  
was not  p r e s e n t  in  t h e  e x t r a c t s  of t h e  plasma o b t a i n e d  b e f o r e  t h e  
g l y c e r o l  i n f u s i o n .  With t h e  s o l v e n t  u s e d ,  t h i s  a d d i t i o n a l  
component m i g r a t e d  t o  a p o i n t  on t h e  c h r o m a t o p l a t e s  midway b etw een  
t h e  u n e s t e r i f i e d  f a t t y  a c i d  and c h o l e s t e r o l  b a n d s .  Some d i f f i c u l t y  
was e n c o u n t e r e d  in  a t t e m p t i n g  t o  i d e n t i f y  t h i s  component u n t i l  
i t  was d i s c o v e r e d  t h a t  t h e  component was d e r i v e d  from t h e  5 0  ml 
p o l y p r o p y l e n e  s y r i n g e s  used i n t h e  i n t r a v e n o u s  g l y c e r o l  i n f u s i o n s .  
VJhen a 10?£ s o l u t i o n  o f  g l y c e r o l  was p a s s e d  through  such a s y r i n g e
(185)
and p o r t i o n s  o f  t h e  r e s u l t i n g  g l y c e r o l  s o l u t i o n  e x t r a c t e d  by
25
t h e  D o le  ( 1 9 5 6 )  p r o c e d u r e ,  i t  was d i s c o v e r e d  t h a t  t h e  h e p t a n e
ph^se c o n t a i n e d  a compound, t h e  c h r o m a t o g r a p h ic  p r o p e r t i e s  o f
which were i d e n t i c a l  t o  t h o s e  o f  t h e  a d d i t i o n a l  component t h a t
was p r e s e n t  in  t h e  plasma o b t a i n e d  10 m in u te s  a f t e r  t h e
i n t r a v e n o u s  i n f u s i o n  o f  g l y c e r o l .  T h i s  f i n d i n g  s u g g e s t e d
t h a t  t h e  compound was a p l a s t i c i z e r  used in  t h e  ma n u fa c tu re
o f  t h e  p l a s t i c  s y r i n g e ,  and t h a t  i t  had p a s s e d  i n t o  t h e  b lo o d
stream w i th  t h e  i n f u s e d  g l y c e r o l  s o l u t i o n .  No a t t em p t  was
made t o  i d e n t i f y  t h i s  p l a s t i c i z e r  c o m p l e t e l y  s i n c e  i t  vras
found t o  p o s s e s s  no t i t r a t a b l e  a c i d i t y  and t h e r e f o r e  c o u l d  not
account  f o r  t h e  d i f f e r e n c e s  in  t h e  plasma c o n c e n t r a t i o n s  o f
u n e s t e r i f i e d  f a t t y  a c i d s  o b t a i n e d  by t h e  d i f f e r e n t  a n a l y t i c a l
p r o c e d u r e s .  However,  on t h i n  l a y e r  p l a t e s  o f  K i o s e l g e l  G and
w i t h  s o l v e n t  sys te m s  o f  i s o - o c t a r . e - e t h y l  a c e t a t e  ( 9 0 : 1 0  v / v )
o r  h e x a n e - d i e t h y l  e t h e r - f o r m i c  a c i d  ( 8 0 : 2 0 : 2 ,  by v o l )  t h e
c h rom ato graph ic  p r o p e r t i e s  o f  t h i s  p l a s t i c i z e r  were found t o  be
s i m i l a r  t o  t h o s e  o f  an a u t h e n t i c  sample  o f  d i -n^-b uty l  p h t h a l a t e .
In t h e  m anufacture  o f  p l a s t i c s ,  v a r i o u s  e s t e r s  o f  , 0 - p h t h a l i c  a c i d
a re  used as p l a s t i c i z e r s  and t h e s e  may p a s s  i n t o  aq ueous s o l u t i o n s
t h a t  come i n t o  c o n t a c t  w i th  such p l a s t i c  m a t e r i a l s .  For exam ple ,
d i  o c t y l  p h t h a l a t e  has  been shown t o  o c c u r  in  samples  o f  commerc ia l  
I  22
m i l #  taken from p l a s t i c  c o n t a i n e r s  ( C e r b u l i s  and \ r d  1 9 6 7 ) .
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Marcel  and Noe l  ( 1 9 7 0 )  have i d e n t i f i e d  d i h e x y l - 2 - e t h y l  p h t h a l a t e  
in  human b lo o d  t h a t  had been  s t o r e d  f o r  a f e w  days  i n  a p l a s t i c  
t r a n s f u s i o n  pack; t h e  c o n c e n t r a t i o n  o f  t h e  p h t h a l a t e  e s t e r  i n c r e a s e d  
as  t h e  t i m e  o f  s t o r a g e  in  t h e  p l a s t i c  pack i n c r e a s e d .
(186)
DISCUSSION
As might  have been p r e d i c t e d  from t h e  known g l u c o n e o g e n i c
16 112
p r o p e r t i e s  o f  g l y c e r o l  ( C a h i l l  1966; S e n i o r  and L oridan  1968;
3.3
Exton 1 9 7 2 ) ,  t h e  r e s u l t s  showed t h a t  t h e  i n t r a v e n o u s  i n f u s i o n  o f  
g l y c e r o l  r e s u l t e d  in  a d e c r e a s e  in  t h e  plasma u n e s t e r i f i e d  f a t t y
a c i d  l e v e l s  when t h e s e  were d e te rm in ed  by t h e  s p e c i f i c  methods
23 28
o f  C h r i s t i e  e t  a l  (1 9 7 0 )  and Duncombe ( 1 9 6 4 ) ;  t h i s  f i n d i n g  was
support ed  by t h e  q u a l i t a t i v e  e x a m in a t i o n  o f  t h e  plasma l i p i d s
by t h i n - l a y e r  ch rom atography.  In c o n t r a s t ,  t h e  i n t r a v e n o u s
i n f u s i o n  o f  g l y c e r o l  was found t o  i n c r e a s e  t h e  c o n c e n t r a t i o n s  o f
plasma u n e s t e r i f i e d  f a t t y  a c i d s  when t h e s e  were d e te rm in ed  by
25
t h e  l e s s  s p e c i f i c  method o f  Do le  ( 1 9 5 6 ) .  T h i s  d i s c r e p a n c y  be tween
25
t h e  v a l u e s  o b t a i n e d  by t h e  method o f  D o le  ( 1 9 5 6 )  on one hand,
28
and t h o s e  o b t a i n e d  by t h e  methods o f  Duncombe ( 1 9 6 4 )  and
23
C h r i s t i e  e t  a l  ( 1 9 7 0 )  on t h e  o t h e r ,  was g r e a t e s t  in t h e  plasma  
samples  o b t a i n e d  10 min utes  a f t e r  t h e  g l y c e r o l  i n f u s i o n .  In t h e  
plasma samples  o b t a i n e d  10 min utes  a f t e r  t h e  g l y c e r o l  i n f u s i o n  in  
Study 6 ,  t h e  t r u e  c o n c e n t r a t i o n  o f  u n e s t e r i f i e d  f a t t y  a c i d s  was
about  360 u e q u i v / 1 ,  whereas  t h a t  d e t e r m in e d  by t h e  method o f
25
D ole  ( 1 9 5 6 )  was about  1000 u e q u i v / 1 ;  t h i s  d i s c r e p a n c y  o f  640 u
25
e q u i v / 1  amounted to  a p o s i t i v e  e r r o r  o f  180% in t h e  D o le  ( 1 9 5 6 )  
p r o c e d u r e .  The a d d i t i o n  o f  g l y c e r o l  t o  plasma in v i t r o ,  up t o  
C o n c e n t r a t i o n s  o f  10 mg/100 ml was found t o  i n t r o d u c e  o n l y  a
sm al l  p o s i t i v e  e r r o r  o f  about  2% in  t h e  v a l u e s  f o r  t h e  c o n c e n t r a t i o n
25
o f  u n e s t e r i f i e d  f a t t y  a c i d s  o b t a i n e d  by t h e  D o le  (1 9 5 6 )  method.
( 1 8 7 )
S i n c e  t h e  g l y c e r o l  used in  t h e  i n f u s i o n  e x p e r i m e n t s  was found  
t o  p o s s e s s  no t i t r a t a b l e  a c i d i t y ,  i t  seems r e a s o n a b l e  t o  
assume t h e r e f o r e  t h a t  t h e  i n t r a v e n o u s  i n f u s i o n  o f  g l y c e r o l  
r e s u l t e d  in  t h e  a c c u m u l a t i o n  in  t h e  plasma o f  an unknown a c i d i c
component t h a t  p a s s e d  i n t o  t h e  h e p t a n e  phase  d u r in g  t h e
25
D o le  ( 1 9 5 6 )  e x t r a c t i o n  p r o c e d u r e ,  and was t h u s  t i t r a t e d  as  
" u n e s t e r i f i e d  f a t t y  a c i d s " .  The f a c t  t h a t ,  in  t h e  plasma  
samp les  o b t a i n e d  b e f o r e  t h e  g l y c e r o l  was i n f u s e d ,  t h e r e  was good  
agreement  between t h e  v a l u e s  f o r  t h e  c o n c e n t r a t i o n s  o f  u n e s t e r i f i e d  
f a t t y  a c i d s  d e te r m in e d  by a l l  t h r e e  a n a l y t i c a l  p r o c e d u r e s  i n d i c a t e d  
t h a t  t h i s  unknown a c i d i c  component was a b s e n t  from,  or  was presnet .  
in  o n ly  t r a c e  amounts in  normal p la sm a.  I t  was o f  i n t e r e s t  t o  
n o t e  t h a t  t h e  unknown a c i d i c  component was o n l y  p a r t i a l l y  removed
from t h e  h ep ta n e  e x t r a c t  by t r e a t m e n t  w i t h  0.05% H9 S0^ ( T a b le  27 )
25
as  recommended i n t h e  m o d i f i c a t i o n  o f  t h e  D o le  ( 1 9 5 6 )  method
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propos ed  by Trout  e t  a l  ( 1 Q6 0 ) .  I t  i s  a l s o  o f  i n t e r e s t  t o  r e c o r d  
t h a t  t h e s e  f i n d i n g s  ar e  not  c o n f i n e d  t o  e x p e r i m e n t s  w i t h  human 
s u b j e c t s ;  a p a t t e r n  o f  r e s u l t s  s i m i l a r  t o  t h a t  g i v e n  in T a b l e  26  
was o b t a i n e d  from an a n a lo g o u s  i n v e s t i g a t i o n  ( u n p u b l i s h e d )  in  
which sh eep  were g i v e n  i n t r a v e n o u s  i n f u s i o n s  o f  g l y c e r o l .
The r e s u l t s  would be c o n s i s t e n t  w i t h  t h e  unknown a c i d i c  
component b e i n g  a produc t  o f  g l y c e r o l  m e t a b o l i s m .  The g l y c e r o l  
i n f u s e d  i n t o  t h e  b lo o d  s tr eam  c o u l d  be ( a )  o x i d a t i v e l y  
c a t a b o l i z e d  f o r  e n e r g y  p r o d u c t i o n ,  (b )  u t i l i z e d  f o r  g l y c e r o l i p i d  
s y n t h e s i s  or  ( c )  u t i l i z e d  f o r  g l u c o n e o g e n e s i s . The i n i t i a l  s t e p
(1 w
in  n i l  t h r e e  o f  t h e s e  p r o c e s s e s  in  t h e  r e a c t i o n  o f  t h e  g l y c e r o l  
w ith  ATP and g l y c e r o l i n a s e  to  form a - g l y c e r o p h o s p h a t e .  The 
i n t r a v e n o u s  i n f u s i o n  o f  g l y c e r o l  d i d ,  in  f a c t ,  g i v e  r i s e  t o  a 
s m a l l  i n c r e a s e  in  t h e  plasma c o n c e n t r a t i o n  o f  a - g l y c e r o p h o s p h a t e  
(S tudy 9 ) ,  hut none o f  t h i s  a - g l y c e r o p h o s p h a t e  appeared  t o  p a ss
i n t o  t h e  hep ta ne phase  when t h e  plasma was e x t r a c t e d  by t h e
25
procedure  o f  Dole  ( 1 9 5 6 ) .  The o x i d a t i v e  m e t a b o l i s m  o f  g l y c e r o l  
v i a  t h e  g l y c o l y t i c  pathway i n v o l v e s  t h e  c o n v e r s i o n  o f  
a - g l y c e r o p h o s p h a t e  t o  d i h y r o x y a c e t o n e  p h o s p h a t e ,  g l y c e r a l d e h y d e  
p h o s p h a te ,  1 , 3 - d i p h o s p h o g l y c e r a t . e , 3 - p h o s p h o g l y c e r a t e ,  
2 - p h o s p h o g l y c e r a t e ,  p hosphoeno l  p y r u v a te  and th e n  p y r u v a t e .
The se  a c i d i c  i n t e r m e d i a t e s  ar e  h i g h l y  p o l a r  compounds and i t  
would seem u n l i k e l y  t h a t  more than t r a c e  amounts o f  them would
p a ss  from t h e  aqueous phase  t o  t h e  h e p ta n e  phase  d u r in g  t h e
26
Dole  ( 1 9 5 6 )  e x t r a c t i o n  o f  t h e  p la sm a.  G a s - l i q u i d  ch ro m a to g ra p h ic  
a n a l y s e s  con f irmed  t h a t  t h e  h e p ta n e  e x t r a c t s  c o n t a i n e d  n e i t h e r  
2 - p h o s p h o g l y c e r a t e  nor 3 - p h o s p h o g l y c e r a t e ,  and o n l y  t r a c e  
c o n c e n t r a t i o n s  o f  p y r u v a t e .  F u r t h e r  o x i d a t i v e  m e t a b o l i s m  o f  
p y r u v ic  a c i d  v i a  t h e  Krebs c y c l e  would i n v o l v e  t h e  f o r m a t io n  o f  
c i t r a t e ,  c i s - a c o n i t a t e , a - k e t o g l u t a r a t e , s u c c i n a t e ,  fu m a r a t e ,  m a l a t e  
a c i d  and o x a l o a c e t a t e ,  but  as might  have been p r e d i c t e d ,  none o f  
t h e s e  h y d r o p h i l i c  i n t e r m e d i a t e s  c o u l d  be d e t e c t e d  in  more than  
t r a c e  c o n c e n t r a t i o n s  in t h e  h e p ta n e  e x t r a c t s  o f  t h e  plasma s a m p l e s .  
I f  a - g l y c e r o p h o s p h a t e  was u t i l i z e d  f o r  g l y c e r o l i p i d  s y n t h e s i s ,  
i t  was c o n c e i v a b l e  t h a t  a c i d i c  p h o s p h o l i p i d s  might  a cc u m u la t e  in t h e
( 189)
25
plasma and p a s s  i n t o  t h e  h e p ta n e  phase  d u r in g  t h e  D o le  ( 1 9 5 6 )  
e x t r a c t i o n .  P h o s p h a t i d i c  a c i d  seemed t o  be t h e  o n l y  a c i d i c  
p h o s p h o l i p i d  t h a t  c o u l d  have any a p p r e c i a b l e  e f f e c t  on t h e  
t i t r a t a b l e  a c i d i t y  o f  t h e  h e p ta n e  e x t r a c t s .  P h o s p h a t i d i c  a c i d  
i s  not n o r m a l ly  p r e s e n t  in  plasma in  more than t r a c e  c o n c e n t r a t i o n s ,  
but i t  appeared  f e a s i b l e  t h a t  t h e s e  c o n c e n t r a t i o n s  might  i n c r e a s e  
as a r e s u l t  o f  t h e  g l y c e r o l  i n f u s i o n .  However,  in o n l y  one o f  
t h e  s u b j e c t s  examined wa s t h e  i n t r a v e n o u s  i n f u s i o n  o f  g l y c e r o l  
found t o  i n c r e a s e  th e  c o n c e n t r a t i o n  o f  a - g l y c e r o p h o s p h a t e  in  t h e  
plasm a.  In t h i s  s u b j e c t ,  t h e  i n c r e a s e d  l e v e l s  o f  plasma  
p h o s p h a t i d i c  a c i d  were to o  s m a l l  t o  have any a p p r e c i a b l e  e f f e c t  
on t h e  t i t r a t a b l e  a c i d i t y  o f  h ep ta n e  e x t r a c t  o f  t h e  p la sm a.
For r e a s o n s  t h a t  are  a t  p r e s e n t  o b s c u r e ,  t h e  i n t r a v e n o u s  i n f u s i o n  
o f  g l y c e r o l  r e s u l t e d  in  a change in t h e  p h o s p h a t i d y l  
c h o l i n e : s p h i n g o m y e l i n  r a t i o  in  t h e  p la sm a.  T h i s  change in  r a t i o  
was a l s o  r e f l e c t e d  in  t h e  c o m p o s i t i o n  o f  t h e  p h o s p h o l i p i d s  e x t r a c t e d  
from t h e  plasma by h e p t a n e .  N e v e r t h e l e s s ,  when t h e  plasma l i p i d s  
e x t r a c t e d  i n t o  t h e  h e p ta n e  phase  were ch rom atographed  on columns  
o f  s i l i c i c  a c i d ,  i t  was found t h a t  t h e  t i t r a t a b l e  a c i d i t y  due t o  
t h e  p h o s p h o l i p i d  f r a c t i o n  a l o n e  was not  a l t e r e d  by t h e  g l y c e r o l  
i n f u s i o n .  I t  seems i n c o n c e i v a b l e  th a t  i n c r e a s e d  plasma c o n c e n t r a t i o n s  
o f  any o f  t h e  h i g h l y  h y d r o p h i l i c  i n t e r m e d i a t e s  i n t h e  m e t a b o l i c  
c o n v e r s i o n  o f  a - g l y c e r o p h o s p h a t e  t o  g l u c o s e ,  namely ,  d i h y d r o x y a c e t o n e  
p h o s p h a t e ,  g l y c e r a l d e h y d e - 3 - p h o s p h a t e ,  f r u c t o s e  1 , 6 - d i p h o s p h a t e ,  
f r u c t o s e - 6 - p h o s p h a t e  and g l u c o s e - 6 - p h o s p h a t e  c o u ld  introduce l a r g e
p o s i t i v e  errcrs in t h e  d e t e r m i n a t i o n  o f  plasma u n e s t e r i f i e d  f a t t y  a c i d
25
l e v e l s  by t h e  D o le  ( 1 9 5 6 )  p r o c e d u r e .
(190)
1.24
Accord ing t o  Trout  e t  a l  ( 1 9 6 0 )  p lasma l a c t a t e  i n t e r f e r e s
w i t h  t h e  d e t e r m i n a t i o n  o f  t h e  c o n c e n t r a t i o n  o f  plasma u n e s t e r i f i e d
25
f a t t y  a c i d s  by t h e  method o f  D o le  ( 1 9 5 6 ) .  In v i e w  o f  t h i s ,  th e  
c o n c e n t r a t i o n s  o f  l a c t a t e  were d e t e r m in e d  in  t h e  plasma o f  t h e  
e x p e r i m e n t a l  s u b j e c t s ,  in  s p i t e  o f  t h e  f a c t  t h a t  t h e r e  was no 
r e a s o n  t o  supp ose  t h a t  t h e  i n t r a v e n o u s  i n f u s i o n  o f  g l y c e r o l  would
i n c r e a s e  plasma l a c t a t e  l e v e l s  ( W i l l i a m s o n ,  V e l o s o ,  E l l i n g t o n
136 _
and Krebs 1 9 6 9 ) .  S t u d i e s  nncJ * co n f i r m e d  t h a t  t h e  
g l y c e r o l  i n f u s i o n  was w i t h o u t  e f f e c t  on plasma l a c t a t e  l e v e l s .
In th e  plasma samples  o b t a i n e d  i m m e d i a t e l y  b e f o r e  t h e  g l y c e r o l
i n f u s i o n ,  about  2.5% o f  t h e  t o t a l  plasma l a c t a t e  was ta ken  up i n t o
25
t h e  h ep ta n e  phase  d u r in g  t h e  D o le  ( 1 9 5 6 )  e x t r a c t i o n  p r o c e d u r e ;
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t h i s  v a l u e  was v e r y  s i m i l a r  t o  t h a t  r e p o r t e d  by Trout  e t  a l  ( 1 9 6 0 ) .  
However,  .a lthough t h e  t o t a l  plasma l a c t a t e  l e v e l s  remained c o n s t a n t ,  
t h e  p e r c e n t a g e  o f  plasma l a c t a t e  taken  up i n t o  t h e  h e p ta n e  phas e  
appeared t o  i n c r e a s e  w i t h  t i m e  a f t e r  t h e  g l y c e r o l  i n f u s i o n ;  v a l u e s  
o f  3.2% and 3.6% were o b s e r v e d  a t  10 and 20  m in u te s  r e s p e c t i v e l y  
(T a b le  36) .  No e x p l a n a t i o n  can be put forward f o r  t h i s  i n c r e a s e d  
t r a n s f e r  o f  l a c t a t e  from t h e  aqueous p ha se  t o  t h e  h e p ta n e  p h a s e .  
However,  f u r t h e r  e x p e r i m e n t s  ( u n p u b l i s h e d )  in  which  g l y c e r o l  was 
added to  s h e ep  plasma in  v i t r o  have  shown t h a t  t h e  p e r c e n t a g e  o f
25
Pi  asna l a c t a t e  p a s s i n g  i n t o  t h e  h e p t a n e  p ha se  d u r in g  t h e  D o l e  ( 1 9 5 6 )  
e x t r a c t i o n  o f  t h e  plasma i n c r e a s e d  as t h e  c o n c e n t r a t i o n  o f  g l y c e r o l  
i n  t h e  plasma i n c r e a s e d .  These  f i n d i n g s  w i t h  sheep  plasma in  v i t r o  
a r e  not e n t i r e l y  c o n s i s t e n t  w i t h  t h o s e  o b t a i n e d  w i t h  human plasma  
in  v i v o , in  which  t h e  c o n c e n t r a t i o n  o f  g l y c e r o l  was g r e a t e s t  a t  10
( 191 )
m i n u t e s ,  but  t h e  uptake o f  l a c t a t e  i n t o  t h e  h ep ta n e  phas e  was  
g r e a t e s t  at  20 m i n u t e s .  In any e v e n t ,  t h e  r e l a t i v e l y  s m a l l  
amounts o f  l a c t a t e  taken  up i n t o  t h e  h e p ta n e  phase  cannot  a cc o u n t  
f o r  d i s c r e p a n c i e s  between t h e  r e s u l t s  f o r  t h e  plasma u n e s t e r i f i e d  
f a t t y  a c i d  l e v e l s  o b t a i n e d  by t h e  v a r i o u s  a n a l y t i c a l  t e c h n i q u e s ,
For example ,  t h e  c o n c e n t r a t i o n  o f  plasma l a c t a t e  10 m in u t e s  a f t e r  
t h e  g l y c e r o l  i n f u s i o n  was 1 3 .1  mg/100 ml ( T a b le  35) which amounts  
t o  1 4 . 5 4  u e q u i v / 1 ;  3.2% o f  t h i s  (T a b le  3 6 ) ,  which amounts t o
4 6 . 5 2  u e o u i v / 1 ,  p a ssed  i n t o  t h e  h e p t a n e  phas e  d u r in g  t h e
25
D o le  (1 9 5 6 )  e x t r a c t i o n  p r o c e d u r e .  In t h e  plasma sam ples  o b t a i n e d  
10 m in utes  a f t e r  t h e  g l y c e r o l  i n f u s i o n ,  t h e  d i f f e r e n c e  between  t h e
t r u e  c o n c e n t r a t i o n  o f  u n e s t e r i f i e d  f a t t y  a c i d s  and t h a t  d e te rm in e d
25
by t h e  D ole  ( 1 9 5 6 )  method amounted t o  640 u e q u i v / 1 .  Thus,  t h e  
l a c t a t e  p a s s i n g  i n t o  t h e  h ep ta n e  phase  can o n l y  a cc o u n t  f o r  7.3%. 
o f  t h i s  d i s c r e p a n c y .
The hep tane phase  was found t o  c o n t a i n  t r a c e  amounts o f  
v a r i o u s  o t h e r  a c i d i c  omponents  such as  s h o r t  c h a i n  a c i d s ,  a r o m a t i c  
a c i d s  and Krebs c y c l e  i n t e r m e d i a t e s  e t c .  C a l c u l a t i o n s  show t h a t  
t h e  t r a c e  c o n c e n t r a t i o n s  o f  a l l  o f  t h e s e  a c i d i c  components  p l u s  
t h e  c o n c e n t r a t i o n  o f  l a c t a t e  in  t h e  h e p t a n e  e x t r a c t s  o f  t h e  plasma  
sam ples  o b t a i n e d  10 m inutes  a f t e r  t h e  g l y c e r o l  i n f u s i o n  a c c o u n t e d  
a t  t h e  most f o r  o n ly  about  14% o f  t h i s  d i s c r e p a n c y  o f  640 u e q u i v / 1 .  
The g r e a t e r  par t  o f  t h i s  d i s c r e p a n c y  must t h e r e f o r e  be due t o  an 
u n i d e n t i f i e d  a c i d i c  compound t h a t  a ccum ula te d  in t h e  plasma as  a 
r e s u l t  o f  t h e  g l y c e r o l  i n f u s i o n .  At p r e s e n t  i t  i s  d i f f i c u l t  t o  
s p e c u l a t e  on t h e  n a tu r e  o f  t h i s  compound but  a h ig h  v o l a t i l i t y
( 192 )
o r  * h ig h  l a b i l i t y  i s  s u g g e s t e d  by t h e  f a i l u r e  o f  t h e  v a r i o u s  
ch r o m a to g ra p h ic  and o t h e r  t e c h n i q u e s  t h a t  were used in  t h e
a t t e m p t s  t o  i s o l a t e  and c h a r a c t e r i s e  t h e  compound (Ih’o b l e ,  Lori m er ,
03
Moore and Lawrie 1 ° 7 5 ) .
The d i s c o v e r y  in  th e  plasma o b t a i n e d  10 m in u te s  a f t e r  t h e  
g l y c e r o l  i n f u s i o n  o f  a p l a s t i c i s e r  d e r i v e d  from t h e  p l a s t i c  
i n f u s i o n  s y r i n g e  c a l l s  f o r  a th orough  i n v e s t i g a t i o n  o f  t h e  
s o l u h i l i t i e s  o f  such p l a s t i c i s e r s  in  t h e  v a r i o u s  aqueous  
s o l u t i o n s  t h a t  are  a d m i n i s t e r e d  t o  p a t i e n t s  by i n j e c t i o n  or  
i n f u s i o n ;  co n t a m in a t i o n  c o u l d  o c c u r  d u r in g  s t o r a g e  in p l a s t i c  
c o n t a i n e r s  or  dur ing a d m i n i s t r a t i o n  w i t h  p l a s t i c  eq u ip m ent .
I t  i s  a l s o  important  t h a t  more i n f o r m a t i o n  sh o u ld  be o b t a i n e d  
about  t h e  m eta b o l i s m ,  e x c r e t i o n  and p o s s i b l e  t o x i c i t y  o f  such  
p l a s t i c i s e r s .
(193)
CHAPTER f i f t h : E M  
DISCUSSION
S e v e r a l  o p i n i o n s  have been e x p r e s s e d  as t o  why
c i g a r e t t e  smoking and CHD may be l i n k e d .
1
The o l d e r  v i ew  (von Ahn 1 960)  was t h a t  p ro lo n g e d  
c i g a r e t t e  smoking produced r e c u r r e n t  e p i s o d e s  o f  co r o n a r y  
a r t e r i a l  c o n s t r i c t i o n  r e s u l t i n g  e v e n t u a l l y  in  p e r s i s t e n t  
co r o n a r y  a r t e r y  d i s e a s e .  A l i m i t e d  amount o f  e v i d e n c e  does  
show t h a t  c i g a r e t t e  smoking p ro d uc es  e i t h e r  a r e d u c t i o n  or  at  
l e a s t  no change in  c o r o n a r y  f l o w  in  t h o s e  w i t h  p r e - e x i s t i n g  CHD 
compared t o  a p o s s i b l e  i n c r e a s e  in  t h o s e  w i t h  normal v e s s e l s .  
F a i l u r e  t o  i n c r e a s e  m y o c a r d ia l  b lo o d  f l o w  c o n s e q u e n t  upon 
i n c r e a s e d  demands f o r  oxygen may r e s u l t  in  r e l a t i v e  i s c h a e m ia  
and c a u s e  d y s r h y t h m i a s .  These  b lo o d  f l o w  s t u d i e s  w e re ,  however,  
c a r r i e d  out  u s i n g  e x t e r n a l  p r a e c o r d i a l  c o u n t i n g  a f t e r  t h e  
i n t r a v e n o u s  i n j e c t i o n  o f  a r a d i o - a c t i v e  i s o t o p e  and have been  
d i f f i c u l t  t o  co n f i r m  or  r e f u t e .  O v e r a l l  t h e  method i s  not  
re ga rd ed  as  s a t i s f a c t o r y .  F ur th er m o r e ,  c o r o n a r y  a n g io g r a p h y  was  
not  a v a i l a b l e  t o  d e m o n s t r a t e  s i g n i f i c a n t  d i f f e r e n c e s  be tween  
t h e  groups  in  terms o f  co r o n a r y  a r t e r y  d i s e a s e .
Emphasis  has a l s o  been p l a c e d  on t h e  r o l e  o f  c i g a r e t t e  
smoking as an a e t i o l o g i c a l  f a c t o r  in  t h e  d eve lop m en t  o f
120
co r o n a r y  atheroma and t h e  work o f  S t r o n g  and Eggen ( 1 ° 7 0 )
6
and Auerbach,  Hammond, G a r f i n k e l  and Kirman ( 1 9 7 1 )
tbxtr
would te nd  t o  support  t h e  v i ew  t h e  p r o l o n g e d  e x p o s u r e  t o  
c i g a r e t t e  smoke i n c r e a s e s  t h e  t h i c k n e s s  o f  co r o n a r y  a r t e r i e s ,  
c a u s e s  e x c e s s  atheroma and r e d u c e s  t h e  lumen o f  t h e  v e s s e l s .
(194)
'"hers i r  ^ l s o  w i d e s p r e a d  e p i d e m i o l o g i c a l  e v i d e n c e  l i n k i n g
c i g a r e t t e  smoking end CHD (R oy al  C o l l e g e  o f  P h y s i c i a n s  1971
191
U .S .  Deportment  o f  H e a l t h ,  E d u c a t io n  and W e l fa r e  1 ° 7 2 ) .
I t  i s  s a i d ,  f o r  exam ple ,  that,  around 5 2 , 0 0 0  d e a t h s  o c c u r
e n c ’A y e a r  i n  C r i t a i n  as  t h e  r e s u l t  o f  c i g a r e t t e  smoking
(Department o f  H e a l th  and Social  S e c u r i t y  1 ° 7 2 )  and t h a t
o f  t h e s e  d e a t h s  a p p r o x i m a t e l y  509' are  due t o  c a r d i o v a s c u l a r
d i s e a s e ,  m a in ly  CHD. S e v e r a l  s t u d i e s  have  a l s o  s u g g e s t e d  t h a t
not  o n l y  do c i g a r e t t e  smokers have an i n c r e a s e d  i n c i d e n c e  o f
m y o c a rd ia l  i n f a r c t i o n ,  but  a re  a l s o  much more a t  r i s k  from
56
sudden d e a t h .  K anne l ,  C a s t e l l i  and McNamara ( I 9 6 0 ) '  
r e p o r t e d  t h a t  m y o c a r d ia l  i n f a r c t i o n  o c c u r r e d  t w i c e ,  but  
sudden d ea th  f i v e  t i m e s  move f r e q u e n t l y  in  heav y smokers than  
in n o n - sm o k e rs .  In f a c t ,  sudden dea th  seems t o  be r a r e  in
I O C  i  1 q
non-smokers  (Turner and C a l l  1 9 7 3 ) .  S p a i n ,  S i e g e l  and C r a de ss  ( l n7 ° )  
commented t h a t  t h i s  i n c r e a s e d  r i s k  o f  sudden d ea th  now seems t o  
be a f f e c t i n g  T,'omen as  w e l l  as  men and may be due t o  t h e  f a c t  
t h a t  heav y smoking (more than 20 c i g a r e t t e s  d a i l y )  has  become  
more common i" women. T h e i r  c o n c l u s i o n  was t h a t  12 y e a r s  ago  
12 men d i e d  s u d d e n l y  compared t o  a s i n g l e  sudden d ea th  ir. women.
The r a t i o  has  d e c r e a s e d  and now a p p r o x im a tes  4 men and 1 ’woman.
S i x t y - t w o  per  c e n t  o f  women d y in g  s u d d e n l y  a re  h eavy  smoker s ,  
and t h e  e x c e s s  m o r t a l i t y  c a n n o t  be  r e l a t e d  t o  h e a r t  s i z e  or  
h y p e r t e n s i o n .  T h is  s u g g e s t s  a p o s s i b l e  a c u t e  m e t a b o l i c  e f f e c t  
o f  c i g a r e t t e  smoking harmful  t o  t h e  myocardium in  s u b j e c t s  perhaps
O n5)
a l r e a d y  p r e d i s p o s e d  b e c a u s e  o f  t h e  p r e s e n c e  o f  c o n s i d e r a b l e ,  
though u n s u s p e c t e d ,  CHD. I t  seems l i k e l y  t h a t  t h e  myocardium  
o f  c e r t a i n  i n d i v i d u a l s  w i t h  CHD i s  more v u l n e r a b l e  th an  o t h e r s  
in  l i g h t  o f  t h e  poor r e l a t i o n s h i p  between  o c c l u s i v e  a r t e r i a l
,8 8
d i s e a s e  and m y o c a rd ia l  f i b r o t i c  s c a r r i n g  (M orr is  and Crawford 195 8)  
and a l s o  b e c a u s e  sudden d ea th  i s  d i s t r i b u t e d  s i m i l a r l y  among
t h o s e  w i t h  v a r y i n g  d e g r e e s  o f  c o r o n a r y  a t h e r o s c l e r o s i s .  ( K u l l e r ,
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Cooper and P erper 1 9 7 2 ) .  The problem o f  t h e  " v u l n e r a b l e
2
myocardium" has been d i s c u s s e d  by Anderson (1973) and
94
O l i v e r  ( 1 9 7 3 )  and w i l l  be r e f e r r e d  t o  l a t e r .
Kershbaum and h i s  a s s o c i a t e s  h a v e ,  in  a s e r i e s  o f  
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papers  ( 1 9 6 2 ,  1967,  1 968)  shown t h a t  c i g a r e t t e  smoking
pro duces  a r i s e  in  plasma FFA and t h a t  t h i s  r i s e  appears  h i g h e r
in s u b j e c t s  who have s u s t a i n e d  a m y o c a r d ia l  i n f a r c t i o n  (and who
are  th u s  l i k e l y  to  have w i d e s p r e a d  co r o n a r y  a r t e r y  d i s e a s e ) ,
than in t h o s e  w i th  no c l i n i c a l  e v i d e n c e  o f  CHD. These
s t u d i e s  w e r e ,  however,  in  some r e s p e c t s  i n c o m p l e t e .  S u b j e c t s
were i n v e s t i g a t e d  at  v a r y i n g  t i m e s  a f t e r  m y o c a r d ia l  i n f a r c t i o n ,
and from t h e i r  d a ta  i t  i s  not  p o s s i b l e  t o  be s u r e  w h e th er  or
not  t h e  a p p a r e n t l y  enhanced r e s p o n s e  i s  p r e s e n t  f o r  o n l y  a
s h o r t  t i m e  a f t e r  i n f a r c t i o n  or  w h eth er  a p e r s i s t e n t  l o n g - t e r m
e f f e c t v o c c u r s . Nor was i t  shown w h eth er  t h e  enhanced  r e l e a s e
o f  FFA to o k  p l a c e  in  a l l  s u b j e c t s  w i th  c o r o n a r y  h e a r t  d i s e a s e
or o n ly  in  t h o s e  who had s u s t a i n e d  a m y o c a r d ia l  i n f a r c t i o n .  The
p o s s i b l e  c l i n i c a l  s i g n i f i c a n c e  o f  t h i s  r i s e  in  FFA to o k  on new
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im por ta nce  w i t h  t h e  r e p o r t s  by O l i v e r ,  Kurien and Greenwood ( 1 9 6 8 )
(196)
73and K ur ie n ,  Y a t e s  and O l i v e r  ( I 9 6 0 )  t h a t  FFA l e v e l s  i n c r e a s e d  
a f t e r  m y o c a r d ia l  i n f a r c t i o n ,  t h a t  h i g h e s t  l e v e l s  o f  FFA were  
a s s o c i a t e d  c l i n i c a l l y  w i t h  an i n c r e a s e d  t e n d e n c y  t o  d y s r h y t h m ia s  
and t h a t  e x p e r i m e n t a l  e l e v a t i o n  o f  FFA l e v e l s  c o u ld  c a u s e  
d y s r h y t h m i a s .  The FFA-dysrhythmia r e l a t i o n s h i p  i s  not  w i t h o u t
c o n t r o v e r s y  (O p ie ,  Thomas, Ov:en, L o r r i s ,  H o l la n d  and Van Noorden
96 4 9
1971: and Gupta,  J e w e t t ,  Young, Hartog and Opie ( 1 9 6 ° ) .
Lewis  ( 1 9 7 4 ) 61 measured u r i n a r y  c a t e c h o l a m i n e s  in  a sm a l l  s e r i e s
o f  smokers and non-sm okers  who had s u s t a i n e d  a r e c e n t  i n f a r c t i o n .
U r in a ry  c a t e c h o l a m i n e s  and d y srh y th m ic  e p i s o d e s  were r a i s e d  and
more f r e q u e n t  r e s p e c t i v e l y  in  t h o s e  who were sm ok er s .  Tt was
f e l t  u n l i k e l y  t h a t  t h e  r a i s e d  c a t e c h o l s  were a c o n s e q u e n c e  o f
t h e  d ysrh yth m ia  s i n c e  in  most p a t i e n t s  t h e  f i n d i n g  o f  r a i s e d
u r i n a r y  c a t e c h o l a m i n e s  p rec ed ed  t h e  d eve lopm ent  o f  t h e  d y s r h y t h m i a .
In a d d i t i o n  t h i s  e f f e c t  was not  l i k e l y  t o  be due t o  an a c u t e
e f f e c t  o f  n i c o t i n e  i n h a l a t i o n  s i n c e  smoking had been d i s c o n t i n u e d
some t im e  b e f o r e  c o l l e c t i o n s  were made. Tt was s u g g e s t e d  t h a t
t h e r e  was p o s s i b l y  0 r e s i d u a l  c o n d i t i o n  0  ^ enhanced a d r e n e r g i c
a c t i v i t y  due t o  c h r o n i c  s t i m u l a t i o n  by n i c o t i n e .  Rowe, N e i l s o n  and
O l i v e r  ( 1 9 7 5 ) ^ f ’ have now d em o n s tra t ed  t h a t  t h e  use  o f  a
: o t i n i c  a c i d  a n a lo g u e  a f t e r  i n f a r c t i o n  can l o w e r  t h e  i n c i d e n c e
o f  d y s r h y t h m i a s  and t h a t  t h i s  r e d u c t i o n  i s  a s s o c i a t e d  w i t h  a
l o w e r i n g  o f  FFA l e v e l s  t o  n e a r  normal v a l u e s .
B e ca u s e  o f  t h e s e  p o s s i b l e  l i n k s  b e tw e en  CHD, c i g a r e t t e
smoking,  FFA r e l e a s e  and sudden death  t h e  s e r i e s  o f  i n v e s t i g a t i o n s
( 1 ° 7 )
in t h i s  s tu d y  were und er taken  t o  e x p l o r e  and c l a r i f y  t h e  
e f f e c t  o f  c i g a r e t t e  smoking in  v a r i o u s  groups  o f  s u b j e c t s  
and to  s e e  wh ether  or not  t h e r e  was any d i f f e r e n c e  in  t h e  
t y p e  and f a t e  o f  FFA produced as  a c o n s e q u e n c e  o f  c i g a r e t t e  
smoking.
Care was taken  t o  e n s u r e  t h a t  t h e  ’’model" used f o r  
a s s e s s m e n t  o f  c i g a r e t t e  smoking was s a t i s f a c t o r y .  The 
s t i m u l u s  o f  i n s e r t i o n  o f  a n e e d l e  e i t h e r  i n t r a v e n o u s l y  or  
s u b c u t a n e o u s l y  may in i t s e l f  c a u s e  a t r a n s i t o r y  r i s e  in  FFA 
l e v e l s .  In a d d i t i o n  FFA l e v e l s  may v a r y  a c c o r d i n g  t o  d i e t ,  
t im e  o f  day and p r e v i o u s  e x e r c i s e .  T a b le  3 shows t h a t  t h e  
method used was s a t i s f a c t o r y  as  a means o f  o b t a i n i n g  s t a b l e  
v a l u e s  f o r  FFA and k e to n e  body l e v e l s .  An i n t r a v e n o u s  c a n n u l a ,  
p r e v i o u s l y  i n s e r t e d  under l o c a l  a n a e s t h e s i a ,  was used f o r  p e r i o d i c  
sampl ing  o b v i a t i n g  t h e  need f o r  r e p e a t e d  v e n e p u n c t u r e ;  s u b j e c t s  
f a s t e d  o v e r n i g h t  and were s t u d i e d  in t h e  s e m i - p r o n e  p o s i t i o n  
w i t h o u t  any p r i o r  e x e r t i o n .  Under t h e s e  c o n d i t i o n s ,  s e r i a l  FFA 
and k e t o n e  body l e v e l s  s u g g e s t  a s a t i s f a c t o r y  s t e a d y  s t a t e .  
F o l l o w i n g  s u bcutaneous  i n j e c t i o n  o f  0 . 5  ml o f  normal s a l i n e  
t h e r e  was a s m a l l  but d e f i n i t e  r i s e  o f  a p p r o x i m a t e l y  10% in FFA 
v a l u e s  and 20% in k e to n e  body v a l u e s .  T hese  ch a n g es  were  
s i m i l a r  in  both c o n t r o l  s u b j e c t s  and in  t h o s e  s t u d i e d  3 weeks  
f o l l o w i n g  m y o c a rd ia l  i n f a r c t i o n ,  s u g g e s t i n g  t h a t  a n o x io u s  
s t i m u l u s  produced a p o s i t i v e  but  eq u a l  r e s p o n s e  in  t h e s e  2 
groups o f  s u b j e c t s .  I t  was a l s o  c o n s i d e r e d  p o s s i b l e  t h a t  t h e  
a c t  o f  smoking r a t h e r  than t h e  p h a r m a c o l o g i c a l  c o n s e q u e n c e s
(100)
o f  i n h a l i n g  c i g a r e t t e  smoke might  c o n t r i b u t e  t o  t h e  m e t a b o l i c  
r e s p o n s e  perhaps by p s y c h o l o g i c a l  s t i m u l a t i o n  o f  t h e  s y m p a t h e t i c  
adrenom edul lary  s y s t e m .  A c c o r d i n g l y ,  low n i c o t i n e  c i g a r e t t e s  
were smoked by both c o n t r o l  and p o s t - i n f a r c t i o n  s u b j e c t s .
There was no s i g n i f i c a n t  i n c r e a s e  in t h e  l e v e l s  o f  any o f  t h e  
v a r i a b l e s  s t u d i e d  which  s u g g e s t e d  t h a t  t h e  a c t  o f  c i g a r e t t e  
smoking by i t s e l f  was not  r e s p o n s i b l e  f o r  any pronounced  
m e t a b o l i c  e f f e c t .  T h i s  was s p e c i a l l y  im p o r ta n t  w i t h  reg a rd  t o  
t h o s e  s u b j e c t s  s t u d i e d  f o l l o w i n g  r e c e n t  m y o c a r d ia l  i n f a r c t i o n .  
\11 had smoked more than 20  c i g a r e t t e s  d a i l y  b e f o r e  t h e i r  
i n f a r c t i o n  but s u b s e q u e n t l y  had been a d v i s e d  and en cou raged  t o  
s t o p  smoking.  They had not done so but  w e r e ,  o f  c o u r s e ,  aware  
o f  d i s a p p r o v a l  f o r  t h e i r  a c t i o n  in  r e s t a r t i n g  c i g a r e t t e  
smoking,  a l b e i t  at a much low er  l e v e l .  N o n e t h e l e s s ,  t h e i r  
r e s p o n s e  t o  smoking low n i c o t i n e  c i g a r e t t e s  was s i m i l a r  to  
c o n t r o l s .  I t  s h o u l d ,  however,  be n o te d  t h a t  in a l l  s e r i e s  o f  
ex p er im e n ts  t h e  r e c e n t  m y o c a r d ia l  i n f a r c t i o n  group have  a h i g h e r  
r e s t i n g  l e v e l  o f  F F \ .  T h i s  would be i n  k e e p i n g  w i t h  enhanced  
s y m p a t h e t i c  a d re n o m e d u l la r y  a c t i v i t y  f o l l o w i n g  i n f a r c t i o n  -  
perhaps as  a c o n s e q u e n c e  o f  "s tre s^ ' .
The s t u d i e s  r e p o r t e d  in  T a b l e s  6A andB s u g g e s t e d  t h a t  
t h o s e  s u b j e c t s  w i th  a r e c e n t  m y o c a r d ia l  i n f a r c t i o n  had a 
s i g n i f i c a n t l y  g r e a t e r  r e s p o n s e  than c o n t r o l  s u b j e c t s  in  terms  
o f  in c r e m e n t a l  and t o t a l  FF\  r e l e a s e  a f t e r  smoking .  T h i s  was 
a s s o c i a t e d  w i th  i n c r e a s e d  p r o d u c t i o n  o f  k e t o n e  b o d i e s  but  no 
d e f i n i t e  chan ges  were see n  in  g l u c o s e  or  i n s u l i n  l e v e l s .  I t  was
(1 9 9 )
d e c i d e d  t o  f u r t h e r  i n v e s t i g a t e  t h i s  r e s p o n s e  in  two groups  
o f  s u b j e c t s ;  w i t h  a h i s t o r y  o f  ang in a  p e c t o r i s  and who had 
i s c h a e m i c  ch a n g es  on t h e i r  ECG but  who had no e v i d e n c e  
o f  p r e v i o u s  i n f a r c t i o n  and a group p r e s e n t i n g  w i t h  c l i n i c a l  
and a n g i o g r a p h i c a l l y  d e m o n s t r a b l e  p e r i p h e r a l  v a s c u l a r  
d i s e a s e  (PVD). Such s u b j e c t s  ar e  o f  c o u r s e  known t o  have a 
high  p r e v a l e n c e  o f  CHD but  t h o s e  s t u d i e d  gave  no h i s t o r y  o f  
ang in a  and had a normal  ECG s u g g e s t i n g  t h a t  t h e i r  c lamant  
problem was a t h e r o s c l e r o s i s  o f  t h e  p e r i p h e r a l  v e s s e l s .  These  
gro ups  were s t u d i e d  in  a s i m i l a r  way t o  t h e  p o s t - i n f a r c t i o n  
s u b j e c t s  and t h e  r e s u l t s  shown in  T a b le  7 ond F i g u r e  3 .
Those  w i t h  an g in a  had r i s e s  in  FFA and k e t o n e  b o d i e s  com par able  
t o  t h o s e  found in  c o n t r o l  s u b j e c t s  but  l e s s  than t h o s e  t h a t  
o c c u r r e d  when p o s t . - i n f a r c t i o n  s u b j e c t s  smoked. S u b j e c t s  
w i t h  PVD had a r i s e  in  FFA l e v e l s  a f t e r  smoking,  but  t h e s e  
i n c r e a s e s  were s m a l l e r  a t  each t i m e  i n t e r v a l  than  in  c o n t r o l  
s u b j e c t s  or  in  t h o s e  w i th  a n g i n a .  \  p o s s i b l e  re a s o n  f o r  t h i s  
d i f f e r e n c e  i s  t h a t  p e r s o n s  w i th  PVD a r e  known t o  be remarkably  
heavy smokers  and t h o s e  s t u d i e d  were no e x c e p t i o n .  They had 
on a v e r a g e  d a i l y  con sumption  o f  3 0 - 4 0  c i g a r e t t e s  compared w i t h  
a p p r o x i m a t e l y  20  d a i l y  f o r  t h e  c o n t r o l  and an gina  group .  
H a b i t u a t i o n  t o  c i g a r e t t e  smoking c o u l d  be p a r t l y  r e s p o n s i b l e  
f o r  t h e  reduce d  r e s p o n s e ,  a l t h o u g h  i t  sh o u ld  be n o ted  t h a t  
b a s a l  v a l u e s  o f  FFA were co m pa r a b le .  When d a i l y  c i g a r e t t e  
co nsumpti on  i s  c o n s i d e r e d  th en  t h e  t o t a l  d a i l y  i n c r e a s e  in  FF4
(200)
a  a q  co n s e q u e n c e  o f  smoking i s  s i m i l a r  f o r  each grou p .
The o v e r a l l  i m p r e s s i o n  i s  t h u s  t h a t  s u b j e c t s  w i t h  a 
r e c e n t  m y o c a r d ia l  i n f a r c t i o n  have a g r e a t e r  than normal
53i n c r e a s e  in  FF'  l e v e l s  and i t  has  been s u g g e s t e d  (Kershbaum 1963) '  
t h a t  such a r e s p o n s e  i s  t h e  c o n s e q u e n c e  o f  m y o c a r d ia l  i n f a r c t i o n ,  
and i s  l i k e l y  t o  be p e r s i s t e n t .  B e c a u s e  o f  t h e  u n s a t i s f a c t o r y  
n a t u r e  o f  t h e  e v i d e n c e  on which t h e  s t a t e m e n t  o f  p r o l o n g e d  
e f f e c t  i s  b a s e d ,  i t  was d e c i d e d  t o  i n v e s t i g a t e  t h i s  f u r t h e r  in  
6 male  s u b j e c t s  one y e a r  a f t e r  i n f a r c t i o n .  M l  had c o n t i n u e d  
t o  smoke w i t h  an a v e r a g e  d a i l y  consum pti on  o f  1 5 - 2 0  c i g a r e t t e s .
They were a d m i t t e d  t o  h o s p i t a l  2 days  b e f o r e h a n d ,  f a s t e d  and 
kept  in  bed on t h e  morning c f  t h e  i n v e s t i g a t i o n  which was 
c o n d u c t e d  as  b e f o r e .  B a s a l  l e v e l s  o f  FFA were lo w er  at a 
mean o f  696 j- 199 u e q / l  compared t o  369 + 137 u eq /1  i n  t h e  
r e c e n t  i n f a r c t i o n  g ro u p .  Smoking 2 normal  c i g a r e t t e s  aga in  
r e s u l t e d  in  a r i s e  i n  t h e  l e v e l s  o f  FFA and k e t o n e  b o d i e s  
but  t h i s  i n c r e a s e  was s i m i l a r  t o  t h a t  found i n  c o n t r o l  
s u b j e c t s  and t h o s e  w i t h  angin- ' ,  and was t h u s  l e s s  than  t h o s e  
s t u d i e s  s h o r t l y  a f t e r  i n f a r c t i o n .  The enhanced r e s p o n s e  t o  
c i g a r e t t e  smoking would seem t o  be a t emporary  r a t h e r  than  
a p er  s i s , t e n t  phenomenon.  Tt. would appear t o  be r e l a t e d  t o  
r e c e n t  i n f a r c t i o n  r a t h e r  th an  t o  t h e  p r e s e n c e  o f  CUD e i t h e r  
m a n i f e s t  as  a n g in a  or  in  p a t i e n t s  who have r e c o v e r e d  from a 
p r e v i o u s  i n f a r c t i o n .
T h i s  f i n d i n g  may have r e l e v a n c e  t o  t h e  c l i n i c a l  c o u r s e  
o f  CdlD. C i g a r e t t e  smoking i s  known t o  be  a s s o c i a t e d  w i t h  an
( 2 0 1 )
i n c r e a s e d  r i s k  o f  m y o c a rd ia l  i n f a r c t i o n  ^nd e s p e c i a l l y
26w i t h  sudden death  (D o y le  1970; Friedman,  Manwaring,  r,oc;^- 'n .
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Donlon,  Oretego and Grube 1 9 7 3 ) .
Tn a s e r i e s  o f  male p a t i e n t s  p r e s e n t i n g  v/ ith primary
m yocard ia l  i n f a r c t i o n  V l i lhe lm sson ,  E l m f e l d t ,  V ede n , T i b b l i n
134and F i l h e l n s e n  (1 9 7 5 )  ' found a h ig h  p r e v a l e n c e  o f
c i g a r e t t e  smokers p r i o r  t o  i n f a r c t i o n .  Those  who s u b s e q u e n t l y  
s to pped  smoking had o n l y  h a l f  t h e  r a t e  o f  n o n - f a t .n l  r e c u r r e n c e s  
and h a l f  t h e  c a r d i o v a s c u l a r  m o r t a l i t y  r a t e  o f  t h o s e  who 
c o n t i n u e d  t o  smoke. Tn a d d i t i o n ,  Gordon, Kannel ,  McGee and 
Dawber ( 1 9 7 4 )   ^ r e p o r t e d  from Framingham t h a t  c i g a r e t t e  
smoking i n c r e a s e d  t h e  a t t a c k  r a t e  from CIID w h i l e  t h o s e  who 
s to pped  smoking a f t e r  e n t r y  t o  t h e  s tu d y  had o n l y  h a l f  t h e  
CHD a t t a c k  r a t e  o f  t h o s e  c o n t i n u i n g  t o  smoke.  Tn a d d i t i o n ,  
e l e v a t i o n  o f  FFA l e v e l s  are  known to  be a s s o c i a t e d  w i t h  
ta c h y d y s rh y th m ia s  bo th  in  c l i n i c a l  and e x p e r i m e n t a l  s t u d i e s .
The e l e v a t i o n s  in  plasma FFA l e v e l s  i n d u c i n g  d y s r h y th m i a s  in  
dogs  are  h i g h e r  than  t h e  l e v e l s  o f  plasma FFA o c c u r r i n g  in
95p o s t  m y o ca rd ia l  i n f a r c t i o n  ( O l i v e r ,  Kurien and Greenwood 1968;
7 /j
Kurien ,  Y ate s  and O l i v e r  1 971)  “ u n l e s s  in  s i t u a t i o n s  where  
hep ari n  has  been a d m i n i s t e r e d  ( D u t s t e i n ,  C o s t e l l i  and 
N ic k er s o n  1 9 6 9 ) 1 ^  Tt c o u ld  be s u g g e s t e d  t h a t  t h e s e  e x p e r i m e n t a l  
s t u d i e s  are  not  n e c e s s a r i l y  r e l e v a n t  t o  t h e  c l i n i c a l  s i t u a t i o n .  
Other e v i d e n c e ,  how ever,  i s  in  k e e p i n g  w i th  t h e  h y p o t h e s i s  
t h a t  i n c r e a s e  in FFA f l u x  i s  d e t r i m e n t a l  t o  t h o s e  w i th  a 
compromised c i r c u l a t i o n .  The p a t i e n t  r e c o v e r i n g  from a 
m y o c a rd ia l  i n f a r c t i o n  i s  l i k e l y  t o  have had p r e v i o u s  e p i s o d e s
( 2 0 2  )
o f  symptomat ic  or  even as ymptomat ic  m y o c a rd ia l  i s c h a c m ia
and c o u l d  have high m y o c a rd ia l  c o n c e n t r a t i o n s  o f  t r i g l y c e r i d e
131(Wartman, J e n n i n g s ,  Yokoyama and Clabaugh 1 9 5 6 ) .  C a te c h o l a m i n e  
s t i m u l a t i o n  o f  t h e  myocardium -  brought  about  by n i c o t i n e  from 
c i g a r e t t e  smoking -  co u ld  l e a d  t o  l i p o l y s i s  o f  s t o r e s  o f  
e x t r a c e l l u l a r  m y o c a r d ia l  t r i g l y c e r i d e  (Kruger ,  L e i g h t y  and
A O
W e i s s l e r  1 % 7 )  w i th  c o n s e q u e n t  h ig h  c o n c e n t r a t i o n  o f  
i n t r a c e l l u l a r  FFA even in  t h e  p r e s e n c e  o f  r e l a t i v e l y  s m a l l
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plasma FFA i n c r e m e n t s .  In a d d i t i o n ,  Leon and Abrams ( 1 9 7 1 )  
have o o i n t e d  out  t h a t  n a t u r a l  c a t e c h o l a m i n e s  and sympathomimetic  
d rugs  may c a u s e  c a r d i a c  d y s r h y th m ia s  by i n c r e a s i n g  a u t o m a t i c i t y ,  
by s t i m u l a t i n g  e c t o p i c  pacemaker a c t i v i t y  and perhaps a l s o  
by e l e c t r o p h y s i o l o g i c a l  e f f e c t s  l e a d i n g  t o  r e - e n t r a n t  a c t i v i t y .  
F u rth er m ore ,  c a r d i a c  work and oxygen  r e q u i r e m e n t s  a r e  i n c r e a s e d .
Tt seemed l o g i c a l ,  t h e r e f o r e ,  t o  i n v e s t i g a t e  t h e  p o s s i b i l i t y  
o f  m o d i f y i n g  t h e  FFA r e s p o n s e  t o  c i g a r e t t e  smoking by b e t a -  
a d r e n o r e c e p t o r  b l o c k a d e .  P i l k i n g t o n ,  Lowe, F o b inso n  and 
T i t t e r i n g t o n  ( 1 9 6 2 ) ]  * s t u d i e d  t h e  e a r l y  b e t a - ^ d r e n o r e c e p t o r  b l o c k i n g  
dru g ,  n e t h a l i d e ,  and showed t h a t  t h i s  p r e v e n t e d ,  in  a n i m a l s ,  t h e  
r i s e  in  FFA produced by a d r e n a l i n e .  The drug ch o s en  f o r  t h e  
p r e s e n t  s t u d y  was p r o p r a n o l o l ,  a n o n - s e l e c t i v e  b e t a - o d r e n o r e c e p t o r  
b l o c k i n g  a g e n t  w i t h  r e p o r t e d  b l o c k i n g  a c t i o n  on t h e  Cl r e c e p t o r s  
r e s p o n s i b l e  f o r  l i p o l y s i s .  A compar ison was made o f  t h e  e f f e c t  
o f  i n t r a v e n o u s  p la c e b o  ( s a l i n e )  and p r o p r a n o l o l  in  a d o s e  o f
0 . 0 5  mg/kg b o dyw eight  on FFA and k e t o n e  body l e v e l s  a f t e r  smoking  
2 normal  c i g a r e t t e s  (T a b le  13 and F i g u r e  1 0 ) .  The r i s e  in  FFA
(203)
l e v e l s  produced by c i g a r e t t e  smoking was a b o l i s h e d  by
p r o p r a n o l o l .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  a b o l i t i o n
o f  t h e  FFA r e s p o n s e  was a s s o c i a t e d  w i t h  a c o n s i d e r a b l e  r e d u c t i o n
but  not  d i s a p p e a r a n c e  o f  t h e  k e t o n e  body r e s p o n s e .  I t  nay be
t h a t  an a d d i t i o n a l  m e t a b o l i c  pathway i s  i n v o l v e d .
S hort  t e r n  a d m i n i s t r a t i o n  o f  b e t a - a d r e n o r e c e p t o r  b l o c k i n g
a g e n t s  i s ,  t h e r e f o r e ,  a s s o c i a t e d  w i t h  re du ced  FFA r e s p o n s e  t o
c i g a r e t t e  smoking.  Long-ter m s t u d i e s  o f  t h e  e f f e c t  o f
b e t a - a d r e n o r e c e p t o r  b l o c k a d e  on m o r t a l i t y  and i n c i d e n c e  o f
sudden d ea th  in  p o s t - i n f a r c t i o n  p a t i e n t s  and i n  c i g a r e t t e  smokers
ar e  t h e r e f o r e  a w a i t e d  w i t h  i n t e r e s t .  I f  t h e y  p rove  t o
be b e n e f i c i a l  th en  one mode o f  a c t i o n  would be p r e v e n t i n g
harmful  e f f e c t s  o f  FFA on an a l r e a d y  compromised myocardium
and such t h e r a p y  would appear t o  be l o g i c a l .
' comment s h o u l d  a l s o  be made on t h e s e  o v e r a l l  r e s u l t s
65compared t o  t h o s e  r e p o r t e d  by K ingsbury  and J a r r e t t  ( 1 9 6 7 ) .
C o n t r a r y  t o  t h e i r  f i n d i n g s  i t  was not  p o s s i b l e  t o  show any 
change in  b lo o d  g l u c o s e  l e v e l s  a f t e r  smoking 2 normal  c i g a r e t t e s .
These  a u t h o rs  had s u g g e s t e d  a l s o  t h a t  t h e  smoking o f  2 
c i g a r e t t e s  wou ld ,  i n  c e r t a i n  s u b j e c t s ,  p ro duce a r i s e  in  plasma  
i n s u l i n .  In none o f  t h e  s t u d i e s  r e p o r t e d  h e r e ,  how ev er,  was t h e r e  
any e v i d e n c e  t o  s u g g e s t  t h a t  2 c i g a r e t t e s  were a s u f f i c i e n t  
s t i m u l u s  t o  c a u s e  any i n c r e a s e  in  i n s u l i n  l e v e l s .  Although k e t o n e
b o d i e s  ar e  known t o  i n c r e a s e  i n s u l i n  v a l u e s  (Madison,  Mebane,
36Ungar and Lochner 1 964)  t h i s  i s  u s u a l l y  a s s o c i a t e d  w i t h  a 
f a l l  in  FFA l e v e l « ^nd i s  l i k e l y  t o  r e p r e s e n t  a d i f f e r e n t
1 0 2
mechanism.  The r e s u l t s  o f  P o r t e ,  Graber,  Kuzuya and W i l l i a m s  ( 1 9 6 3 )
( 2 0  4 )
a l s o  s u g g e s t  t h a t  a d r e n a l i n e  a d m i n i s t r a t i o n  may i n h i b i t  i n s u l i n  
r e s p o n s e  even  in  t h e  p r e s e n c e  o f  h y p e r g l y c a e m i a . C i g a r e t t e  
smoking i s  a s s o c i a t e d  w i t h  n i c o t i n e  induced  s y m p a t h e t i c  
and a d r e n o - m e d u l l a r y  s t i m u l a t i o n .  In t h e  s h o r t  term a t  l e a s t  t h e  
e f f e c t  o f  c i g a r e t t e  smoking d o es  not  seem t o  be t h e  c o n s e q u e n c e  
o f  r e p e a t e d  s t i m u l i  t o  i n s u l i n  s e c r e t i o n  c a u s i n g  a l t e r a t i o n  
in  c a r b o h y d r a t e  m e t a b o l i s m .
The main m e t a b o l i c  p r o c e s s e s  i n v o l v e d  f o r  m o b i l i s e d  
FFA a re
( a )  o x i d a t i o n  t o  carbon  d i o x i d e  or  k e t o n e  b o d i e s
( b )  i n c o r p o r a t i o n  i n t o  VLDL t r i g l y c e r i d e
( c )  s t o r a g e  as l i v e r  t r i g l y c e r i d e
From t h e  d a ta  p r e s e n t e d ,  t h e  r i s e  in  FFA found a f t e r  smoking  
was a s s o c i a t e d  w i th  i n c r e a s e d  k e t o n e  body p r o d u c t i o n  ( F i g u r e  5 ) 
w i t h  no e v i d e n c e  o f  s h o r t  term i n c r e a s e  in  t r i g l y c e r i d e  l e v e l s  
( o r  o f  c h o l e s t e r o l ) .  No comment can be made w i t h  regard  t o  
h e p a t i c  a c c u m u la t io n  o f  t r i g l y c e r i d e .  T hese  f i n d i n g s  o cc u r r e d  
in  a l l  gro ups o f  s u b j e c t s  s t u d i e d .
C o n s i d e r a b l e  i n t e r e s t  has  been e x p r e s s e d  in  r e c e n t  y e a r s
in  t h e  c l a s s i f i c a t i o n  o f  h y p e r l i p o p r o t e i n a e m i a s  d e v e l o p e d  by
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F r e d r i c k s o n ,  Levy and Lees  ( 1 9 6 7 ) .  U s in g  age r e l a t e d  v a l u e s  
f o r  t o t a l  c h o l e s t e r o l  , t r i g l y c e r i d e  a n d , i f  n e c e s s a r y ,  c h o l e s t e r o l  
c o n t e n t  o f  low d e n s i t y  l i p o p r o t e i n ,  s u b j e c t s  can be d i v i d e d
1» t»
i n t o  a v a r i e t y  o f  t y p e s .  The commonest a b n o r m a l i t i e s  ar e  
Type I I  and Type IV h y p e r l i p o p r o t e i n a e m i a .  Type IT has  a r a i s e d
( 2 0 5 )
t o t a l  c h o l e s t e r o l  or  low d e n s i t y  l i p o p r o t e i n  c h o l e s t e r o l
l e v e l  wher eas  Type TV has * r a i s e d  t r i g l y c e r i d e  l e v e l .  I t
was f e l t  t h a t  t h e  l e v e l  o f  r e s p o n s e  t o  c i g a r e t t e  smoking might
he a s s o c i a t e d  w i t h  t h e  u n d e r l y i n g  l i p o p r o t e i n  p a t t e r n .  S u b j e c t s
were t h e r e f o r e  d i v i d e d  i n t o  t h o s e  v ' ith  normal l i p i d s , t h o s e
w i t h  p r o b a b l e  Type I t  and t h o s e  w i t h  p r o b a b l e  Type IV a b n o r m a l i t y .
F a s t i n g  l e v e l s  were used but  u l t r a c e n t r i f u g a t i o n  was not
a v a i l a b l e  t o  p erm it  measurements  o f  low d e n s i t y  l i p o p r o t e i n
c h o l e s t e r o l .  In g e n e r a l  t e r m s ,  t h e r e  was no major d i f f e r e n c e
in  t h e  l e v e l s  o f  FFA or k e t o n e  b o d i e s  t h a t  d e v e l o p e d  a f t e r
smoking in  each o f  t h e  gro ups  s t u d i e d .  The FF\  l e v e l s  r e a ch ed
in  Type IV were h i g h e r  than  t h o s e  in  normal  s u b j e c t s  or  t h o s e
w i th  Type I I  but  were not  s i g n i f i c a n t l y  d i f f e r e n t  when e x p r e s s e d
as a p e r c e n t a g e  i n c r e a s e  and compared t o  f a s t i n g  l e v e l s  s i n c e
f a s t i n g  FFA in t h e  Type IV group were h i g h e r  than in  t h e  o t h e r s .
O v e r a l l  t h e s e  r e s u l t s  i n d i c a t e  t h e  d i f f e r e n c e s  in  FFA and k e t o n e
body r e s p o n s e s  t o  smoking are  not  a f u n c t i o n  o f  t h e  u n d e r l y i n g
c h o l e s t e r o l  l e v e l .  The t o t a l  (but  no t  p e r c e n t a g e )  i n c r e a s e  i n
FFA a f t e r  smoking h a s  a  r e l a t i o n s h i p  t o  b a s a l  FFA l e v e l .  These
f i n d i n g s  a re  s i m i l a r  t o  t h o s e  r e p o r t e d  in  a d i f f e r e n t  c o n t e x t  
92by N est .e l  ( 1 9 6 4 )  ' when l e v e l s  o f  FFA r e a ch ed  a f t e r  n o r a d r e n a l i n e  
i n f u s i o n  were found t.o be r e l a t e d  to  t r i g l y c e r i d e  l e v e l s .
I t  was c o n s i d e r e d  t h a t  smoking 2 c i g a r e t t e s  might  be  an 
i n s u f f i c i e n t  s t i m u l u s  t o  promote ch a n g es  i n  g l u c o s e  and i n s u l i n  
as d i s t i n c t  from r a i s i n g  FFA and k e t o n e  l e v e l s .  A c c o r d i n g l y ,  
s u b j e c t s  were  asked  t o  smoke 6 low n i c o t i n e  or  6 normal n i c o t i n e  
c o n t e n t  c i g a r e t t e s  o v e r  a 2 hour p e r i o d  w i t h  measurement  o f
(206)
t h e  i n d i c a t e d  v a r i a b l e s  b e f o r e  and a f t e r  smoking.  I t  was 
not  c o n s i d e r e d  f e a s i b l e  t o  ask  s u b j e c t s  who had s u s t a i n e d  
a r e c e n t  m y o c a rd ia l  i n f a r c t i o n  t o  smoke t o  t h i s  e x t e n t  and 
a c c o r d i n g l y  t h e  s t u d y  compared c o n tr o l ,  an g in a  and PVD groups  
o f  s u b j e c t s .  The smoking o f  6 low n i c o t i n e  c i g a r e t t e s  f a i l e d  
t o  produce any s i g n i f i c a n t  change in  l e v e l s  o f  FFA, k e t o n e  
b o d i e s  or g l u c o s e .  When 6 normal  n i c o t i n e  c o n t e n t  c i g a r e t t e s  
were smoked and when t h e  mean v a l u e s  f o r  each group were  
compared t h e r e  was a s i g n i f i c a n t  i n c r e a s e  in  l e v e l s  o f  g l u c o s e ,
FFA and k e to n e  b o d i e s .  The i n c r e a s e s  in  t h e  c o n t r o l ,  PVD and 
angina group were co m p a r a b le .  There was no t e n d e n c y  f o r  
any one group t o  have an e x c e s s i v e  r e s p o n s e .  More i n t e r e s t i n g  
r e s u l t s  emerged when t h e  s u b j e c t s  were s t u d i e d  s e p a r a t e l y  
r a t h e r  than in  groups  ( T a b le  15 ) .  Two main p a t t e r n s  were s e m .
Nine s u b j e c t s  had a marked r i s e  in  b lo o d  g l u c o s e  w h i l e  in  7 
t h e  g l u c o s e  l e v e l  e i t h e r  f e l l  or  remained r e l a t i v e l y  unchanged .
The FFA and k e t o n e  body r e s p o n s e  was s i m i l a r  in  each group and 
did  not  appear t o  be r e l a t e d  t o  ch a n g es  in  g l u c o s e .  I t  has  
been s u g g e s t e d  t h a t  k e t o n e  b o d i e s  may r e p r e s e n t  a s t i m u l u s  t o  
i n s u l i n  p r o d u c t i o n .  However,  in  o n l y  two o f  t h o s e  showing  
a f a l l  was t h e r e  any major ch ange in  i n s u l i n  l e v e l s .  In one  
s u b j e c t  w i th  PVD t h e  i n s u l i n  l e v e l s  r o s e  from 24 t o  81 u n i t s  
w i t h  an i n c r e a s e  in  g l u c o s e  sugar  from 74 t o  120 mg/100 ml w h i l e  
in  t h e  o t h e r  t h e  i n s u l i n  ch a n g es  were 26 t o  40 w i t h  g l u c o s e  
r i s i n g  from 89 t o  107 mg/100 ml .  T hese  r e s u l t s  a re  in  c o n t r a -  
i n d i c a t i o n  t o  t h o s e  r e p o r t e d  by Kingsbury and J a r r e t t  ( 1 9 6 7 ) .
They found t h a t  c i g a r e t t e  smoking ( u n l i k e  a d r e n a l i r e  a d m i n i s t r a t i o n )
(°07)
te n d ed  t o  produc e e i t h e r  no ch ange or  a f a l l  in b lo o d  g l u c o s e .
They a l s o  found 5 s u b j e c t s  in  whom t h e  im munoreac t i ve  i n s u l i n  
l e v e l  i n c r e a s e d  a l th o u g h  t h i s  c o u l d  not  be r e l a t e d  t o  ch anges  
in  g l u c o s e  l e v e l s .  These  a u t h o r s  s u g g e s t e d  t h a t  more than  
one r e s p o n s e  t o  c i g a r e t t e  smoking might  o c c u r  such as  i n s u l i n  
h y p e r s e c r e t i o n  due t o  v a g a l  s t i m u l a t i o n .  In t h e i r  s t u d y ,  
a d r e n a l i n e  produced a r i s e  in  b lo o d  g l u c o s e  as w e l l  as a 
r i s e  in  i n s u l i n  l e v e l s .  In t h e  p r e s e n t  s t u d y ,  however,  l e v e l s  
o f  FFA were not  d i f f e r e n t  in  t h o s e  who i n c r e a s e d  i n s u l i n  l e v e l s  
*s  compared t o  t h o s e  who d id  n o t ,  whereas  e x c e s s  c a t e c h o l a m i n e  
r e l e a s e  would have been th o u g h t  t o  be a s s o c i a t e d  w i t h  a 
d e m o n s t r a b l e  d i f f e r e n c e  in  FFA l e v e l s .
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Kershbaum, B e l l e t ,  J im in ez  and F e i n b e r g  ( 1 9 6 6 )  r e p o r t e d  
t h a t  u r i n a r y  c a t e c h o l a m i n e  v a l u e s  i n c r e a s e d  a f t e r  heavy  
c i g a r e t t e  smoking and i t  was d e c i d e d  t o  compare u r i n a r y  
f r e e  a d r e n a l i n e  and n o r a d r e n a l i n e  in  t h e  v a r i o u s  groups  o f  
s u b j e c t s  s t u d i e d .  The f a s t i n g  l e v e l s  o f  FFA were s i g n i f i c a n t l y  
h i g h e r  in  t h e  p o s t - i n f a r c t i o n  group and i t  was f e l t  t h i s  c o u l d  
be a r e s i d u a l  c o n s e q u e n c e  o f  t h e  " s t r e s s "  o f  i n f a r c t i o n .  I t  
might  be t h a t  t h e  i n c r e a s e d  amounts o f  FFA r e l e a s e d  a f t e r  
smoking were due e i t h e r  t o  i n c r e a s e d  c a t e c h o l a m i n e  r e l e a s e  or  
t o  enhanced r e s p o n s e  t o  n i c o t i n e  in d u ced  s v m p a t h e t i c -  
adrenom edul la  s t i m u l a t i o n .  However,  u r i n a r y  c a t e c h o l a m i n e  
v a l u e s  r e p r e s e n t  o n l y  a s m a l l  p r o p o r t i o n  o f  r e l e a s e d  c a t e c h o l a m i n e  
(p r o b a b ly  about  3°j) and t h e  smoking o f  2 c i g a r e t t e s  d id  not  
p r o v i d e  s u f f i c i e n t  s t i m u l u s  t o  a l l o w  d i f f e r e n t i a t i o n  between t h e
groups in terms o f  c a t e c h o l a m i n e  r e l o o s e .  No s i g n i f i c a n t  
chan ges  were found in l e v e l s  o f  u r i n a r y  a d r e n a l i n e  and 
n o r a d r e n a l i n e .  1 s tu d y  o f  u r i n a r y  c a t e c h o l a m i n e  l e v e l s  was 
a l s o  made u s i n g  a 3 hour p e r i o d  o f  u r i n a r y  c o l l e c t i o n  and th e  
more s e v e r e  s t i m u l u s  o f  smoking 6 normal n i c o t i n e  c o n t e n t  
c i g a r e t t e s .  There ’"as no change in  u r i n a r y  a d r e n a l i n e  or  
n o r a d r e n a l i n e  a f t e r  smoking 6 low n i c o t i n e  c o n t e n t  c i g a r e t t e s ,  
but a f t e r  normal c i g a r e t t e s  t h e r e  was a s i g n i f i c a n t  r i s e  
in  t o t a l  u r i n a r y  c a t e c h o l a m i n e s  due t o  i n c r e a s e  in  both  
a d r e n a l i n e  and n o r a d r e n a l i n e  p r o b a b l y  r e f l e c t i n g  s t i m u l a t i o n  
o f  both t h e  s y m p a t h e t i c  nervous  s y s tem  ( n o r a d r e n a l i n e )  and 
a d ren a l  m edul la  ( a d r e n a l i n e ) .  There w a s ,  howev er,  no d i f f e r e n c e  
between c o n t r o l ,  an g in a  or  PVD g r o u p s .  T h is  i s  in  k e e p i n g  with  
t h e  s i m i l a r  i n c r e m e n t s  in  FF\  found in  t h e s e  g r o u p s .  The p o s s i b l e  
r e l a t i o n s h i p  between  c a t e c h o l a m i n e  r e l e a s e  and a d v e r s e  c i r c u l a t o r y
and m e t a b o l i c  e f f e c t s  has a t t r a c t e d  c o n s i d e r a b l e  a t t e n t i o n .
21
C a r ru the r s  ( 1 9 6 9 )  commented on t h e  r e l a t i o n s h i p  be tween  a g g r e s s i o n  
and atheroma,  \ d r e n a l i n e  and n o r a d r e n a l i n e  both c a u s e  a r i s e  
in  FF\ by l i p o l y s i s  o f  t r i g l y c e r i d e  i n  a d i p o s e  t i s s u e .  Tn 
g e n e r a l  n o r a d r e n a l i n e  evokes  a g r e a t e r  r e s p o n s e  than a d r e n a l i n e  
and o b es e  s u b j e c t s  -  hav in g  h i g h e r  f a s t i n g  l e v e l s  o f  FFA -  te nd  
t o  have g r e a t e r  a b s o l u t e  i n c r e a s e s  in  FFA l e v e l s ;  s i m i l a r  
f i n d i n g s  t o  t h o s e  found in  t h e  c u r r e n t  s t u d y .  C a r r u t h e r s  s u g g e s t e d  
t h a t  c i g a r e t t e  smoking and r e a c t i o n s  t o  s t r e s s  such as  d r i v i n g  
provoke s i m i l a r  r e s p o n s e s .  He b e l i e v e s  t h a t  in  t h e  a b s e n c e  o f  
i n t e r m e d i a t e  m e t a b o l i c  r e q u i r e m e n t s ,  F F \  a re  c o n v e r t e d  i n  t h e  l i v e r
(209)
t o  t r i g l y c e r i d e  and t h a t  t h i s  n ew ly  formed t r i g l y c e r i d e  may be
d e p o s i t e d  in  t h e  a r t e r i a l  w a l l .  However,  O l i v e r ,  Kurien and 
95Greenwood ( I 9 6 0 ) , 1 c o u l d  f i n d  no c o r r e l a t i o n  b etw een  FF\  and
t r i g l y c e r i d e  l e v e l s  a l th o u g h  t h e y  d id  n o t  f o l l o w  s e r i a l  t r i g l y c e r i d e
v a l u e s .  H i l l  and Wynder ( 1 9 7 4 ) ^  ' s t u d i e d  t h e  e f f e c t  o f  smoking 2
c i g a r e t t e s  o f  i n c r e a s i n g  n i c o t i n e  c o n t e n t  on l e v e l s  o f  FFA,
c o r t i s o l  and c a t e c h o l a m i n e s  in  b lo o d  sam ples  ta k e n  1 and 20
m inutes  a f t e r  smoking.  They found an i n c r e a s e  in  FFA l e v e l s  and a
r i s e  in  a d r e n a l i n e  though not  in  n o r a d r e n a l i n e .  In a d d i t i o n ,  t h e
smoking o f  h ig h  n i c o t i n e  c o n t e n t  c i g a r e t t e s  was accompanied
by a r i s e  in c o r t i s o l  v a l u e s .  Such r e s u l t s  have not  a lw ays  been
66co n f i r m e d .  K lensch  (1 9 6 7 )  r e p o r t e d  an i n c r e a s e  in  n o r a d r e n a l i n e  
as w e l l  as a d r e n a l i n e  and our own r e s u l t s  would s u g g e s t  t h a t  
smoking 6 c i g a r e t t e s  i s  s u f f i c i e n t  s t i m u l u s  t o  produce  
d em o n s tra b le  r i s e  in  u r i n a r y  a d r e n a l i n e  and n o r a d r e n a l i n e .
Nor has  a change i n  c o r t i s o l  v a l u e s  been  c o n s i s t e n t l y  fo und.  
B a l l a n t y n e  and Lorimer (1 9 7 5  in  p r e p a r a t i o n )  ' found a r i s e  in  
FFA but  no ch anges  in  plasma c o r t i s o l  l e v e l s ,  in  a s e r i e s  o f  
samples  ta k en  b etw een  15 and 60 m in u t e s  a f t e r  smoking.  I t  may 
be t h a t  t h e  d i f f e r e n t  t im e  i n t e r v a l s  o f  s a m p l in g  a f t e r  smoking  
are  c o n t r i b u t o r y  t o  t h e  d i f f e r e n c e  in  r e s u l t s .  C e r t a i n l y ,  
in  our s t u d y ,  n i c o t i n e  s t i m u l a t i o n  o f  c a t e c h o l a m i n e  induced  
l i p o l y s i s  was not  a s s o c i a t e d  w i t h  c o r t i s o l  ch anges  and i t  seems  
u n l i k e l y  t h a t  c o r t i s o l  c o u l d  have  been s e n s i t i s i n g  t h e  myocardium
to  t h e  e f f e c t s  o f  c a t e c h o l a m i n e s  ( O l i v e r ,  Kurien and Greenwood 1 963)
48
H i l l  and Wynder were  a l s o  u n a b le  t o  r e l a t e  i n c r e a s e  in  
a d r e n a l i n e  v a l u e s  w i t h  i n c r e a s e d  FFA l e v e l s .  More i n d i r e c t l y ,  
t h i s  has not  been our e x p e r i e n c e .  I n c r e a s e d  numbers o f  c i g a r e t t e s
( 2 1 .0 )
smoked produced g r e a t e r  i n c r e a s e s  i n  FFA, presumably  as a 
c o n s e q u e n c e  o f  g r e a t e r  s t i m u l a t i o n  o f  l i p o l y s i s .
The e f f e c t ,  o f  s m a l l  d o s e s  o f  s u b c u t a n e o u s  a d ren a l  i r e  
on l e v e l s  o f  g l u c o s e ,  FFA, k e t o n e  b o d i e s  and i n s u l i n  were  
s t u d i e d  in  c o n t r o l  s u b j e c t s  and in  s u b j e c t s  3 weeks  a f t e r  i n f a r c t i o n  
The a d r e n a l i n e  g i v e n  was i n s u f f i c i e n t  t o  a l t e r  b lo o d  g l u c o s e ,  
but  was s u f f i c i e n t  t o  c a u s e  s i g n i f i c a n t  i n c r e a s e s  i n  FFA l e v e l s .  
T hese  i n c r e a s e s  were g r e a t e r  in  t h e  p o s t - i n f a r c t  group th an  in  
c o n t r o l  s u b j e c t s .  Thus both  t h e  smoking o f  s i m i l a r  numbers o f  
c i g a r e t t e s  and i n j e c t i o n  o f  e q u i v a l e n t  amounts o f  a d r e n a l i n e  
produced an enhanced FFA r e s p o n s e  in t h o s e  s t u d i e d  s h o r t l y  
a f t e r  i n f a r c t i o n .  I t  i s  s u g g e s t e d  t h a t  a form o f  c a t e c h o l a m i n e  
s e n s i t i v i t y  c o u l d  have been in d u ced  or  p r e s e n t  in  t h e s e  s u b j e c t s  
p o s s i b l y  as a c o n s e q u e n c e  o f  s t r e s s  a s s o c i a t e d  w i t h  t h e i r  i n f a r c t i o n
Measurements  o f  l e v e l s  o f  FFA b e f o r e  and a f t e r  smoking  
r e f l e c t  ch a n g es  in  t o t a l  amounts o f  FFA but  does  not  i n d i c a t e  
any p o s s i b l e  r e l a t i v e  ch a n g es  in  t h e  p r o p o r t i o n  o f  i n d i v i d u a l  
f a t t y  a c i d s .  I t  was d e c i d e d  t o  use  t h e  c o m b i n a t i o n  o f  t h i n  l a y e r  
chromatography (TLC) and g a s - l i q u i d  chrom atograp hy  (CrX )  t o  measure  
l e v e l s  o f  i n d i v i d u a l  f a t t y  a c i d s  both i n  t h e  f r e e  or  u n - e s t e r i f i e d  
m o i e t y  and as  c o n t a i n e d  in  t r i g l y c e r i d e s .  T h i s  was done b e f o r e  
and a f t e r  sm ok ing .  The r e s u l t s  are  shown in  T a b l e s  17A and B.
The f a t t y  a c i d s  o f  h i g h e s t  c o n c e n t r a t i o n  both in  t h e  FFA and in
triglye Lmitic (<J >leic. Fail
smok ing ,  t h e r e  was no ch ange in  t h e  p r o p o r t i o n s  found  s u g g e s t i n g
( 2 1 1 )
t h a t  a l l  FFA r o s e  u n i f o r m l y  and t h a t  t h e r e  was no i n d i v i d u a l  
f a t t y  a c i d  t h a t  c o u ld  he i d e n t i f i e d  as h a v in g  a more marked 
r i s e  o f  p o s s i b l e  c l i n i c a l  s i g n i f i c a n c e .  Nor d id  any 
change occ u r  in  t h e  p r o p o r t i o n s  p r e s e n t  in  t h e  t r i g l y c e r i d e  
f a t t y  a c i d s  t o  s u g g e s t  p r e f e r e n t i a l  a c c u m u l a t i o n  o f  any 
i n d i v i d u a l  f a t t y  a c i d .  T r a c e r  s t u d i e s  w ould ,  howev er,  be  
needed f o r  c o m p le t e  e v a l u a t i o n .
I t  seems l i k e l y ,  t h e r e f o r e ,  t h a t  t h e  r i s e  in  FFA as  
a co n s eq u en ce  o f  c i g a r e t t e  smoking i s  g e n e r a l i s e d  r a t h e r  than  
p a r t i c u l a r .
S t u d i e s  o f  l i p o l y s i s  h^ve shown t h a t  l i p i d s  a re
m o b i l i s e d  from a d i p o s e  t i s s u e  in  t h e  form o f  FFA and t h a t  t h i s
r e l e a s e  o f  FFA r e q u i r e s  l i p o l y s i s  o f  t h e  s t o r e d  t r i g l y c e r i d e s .
In v i t r o  s t u d i e s  have d e m o n s tra t ed  t h a t  a d i p o s e  t i s s u e  can
r e l e a s e  g l y c e r o l  t o  t h e  i n c u b a t i o n  medium i n d i c a t i n g  c o m p le t e
l i p o l y s i s  o f  g l y c e r i d e  t o  FFA and f r e e  g l y c e r o l  ( L e b o e u f ,  F l i n n  
77
and C a h i l l  1 9 5 9 ) .  In v i t r o  s t u d i e s  s u g g e s t  t h a t  t h i s  g l y c e r o l
i s  not  r e - u t i l i s e d  to  any g r e a t  e x t e n t  in  a d i p o s e  t i s s u e  as a
p r e c u r s o r  o f  g l y c e r i d e - g l y c e r o l  in  t h e  e s t e r i f i c a t i o n  o f  f a t t y
113a c i d s  t o  g l y c e r i d e s  ( S h a p i r o ,  Chowers and Rose 1 9 5 7 ) .  Tn t h i s  
r e s p e c t  g l y c e r o l  a p p a r e n t l y  d i f f e r s  from t h e  l i b e r a t e d  f a t t y  
a c i d s  which are  r e a d i l y  t a k e n  up and r e - e s t c r i f i e d  w i t h i n  t h e  
t i s s u e .  The c o n s i d e r a b l e  i n t e r e s t  in  FFA has  not  been accompanied  
by a s i m i l a r  i n t e r e s t  in  g l y c e r o l  l e v e l s .  I t  h a s ,  however,  
been shown t h a t  t h e  a d d i t i o n  o f  a d r e n a l i n e  t o  a d i p o s e  t i s s u e  
in c u b a t e d  in  v i t r o  i n c r e a s e s  t h e  r e l e a s e  o f  FFA and g l y c e r o l  t o
( 2 1 2 )
77t h e  medium (L e b o e u f ,  FI  inn and C a h i l l  1 9 5 9 ) .  C a r l s o n  end Oro 
19( 1 9 6 ° )  s t u d i e d  t h e  r e l a t i o n s h i p  b e tw e en  c o n c e n t r a t i o n s  o f  FFA 
end g l y c e r o l  and fo u n d ,  in  a group  o f  hitman v o l u n t e e r s ,  n 
c o r r e l a t i o n  b e tw een  f a s t i n g  l e v e l s  o f  FFA and g l y c e r o l  and t h a t  
n o r a d r e n a l i n e  a d m i n i s t r a t i o n  i n c r e a s e d  both  FFA and g l y c e r o l .
T h e i r  s t u d i e s  a l s o  s u g g e s t e d  t h a t  t h e  main e f f e c t  o f  n o r a d r e n a l i n e  
was on l i p o l y s i s  and not  on t h e  r e - e s t e r i f i c a t i o n  p r o c e s s .
S t u d i e s  on g l y c e r o l  t u r n o v e r  ( T i b b l i n g ,  C e d e r q u i s t  and
193 l l 9L un d q u i s t  1969; S e n i o r  and L or idan  1969 )  ' a l l  i n d i c a t e  t h a t
a s i n g l e  e x p o n e n t i a l  can e x p r e s s  t h e  r a t e  o f  d i s p o s a l  o f  
i n t r a v e n o u s l y  a d m i n i s t e r e d  g l y c e r o l .  P o s s i b l e  mechanisms  
f o r  t h e  m e ta b o l i s m  o f  g l y c e r o l  i n c l u d e
( a )  g l u c o n e o g e n e s i s
( b )  o x i d a t i v e  c a t a b o l i s m  f o r  e n e r g y  p r o d u c t i o n
( c )  g l y c e r o - l i p i d  s y n t h e s i s
I t  i s  b e l i e v e d  t h a t  g l y c e r o l  i s  p h o s p h o r y l a t e d  in  t h e  
l i v e r  and t h a t  around 70°' o f  t h e  t r i o s e p h o s p h a t e  i s  c o n v e r t e d  
t o  g l u c o s e  and g l y c o g e n .
The e f f e c t s  o f  c i g a r e t t e  smoking on l i p o l y s i s  i n  v a r i o u s  
grou ps  o f  s u b j e c t s  have  been m a i n l y  c o n f i n e d  t o  FFA. me asurem en ts  
and hav e not  d i s c u s s e d  t h e  c o n c o m i t a n t  g l y c e r o l  r e l e a s e .  L i t t l e  
i s  known as  t o  w h e th er  o r  n o t  g l y c e r o l  removal  from t h e  plasma  
d i f f e r s  in  v a r i o u s  c l i n i c o p a t h o l o g i c a l  c o n d i t i o n s  or  in d ee d  
w h eth er  such removal  can be i n f l u e n c e d  by smoking .
(213 )
S t u d i e s  o f  g l y c e r o l  removal  in  v a r i o u s  groups  o f  s u b j e c t s  
i n d i c a t e d  t h a t  g r a p h i c  d i s p l a y  o f  t h e  d a ta  on s e m i - l o g a r i t h m i c  
paper p e r m i t t e d  a s i n g l e  e x p o n e n t i a l  t o  be drawn r e l a t i n g  t o  t h e  
r a t e  o f  g l y c e r o l  removal  and f o r  VA v a l u e s  t o  be c a l c u l a t e d .
The T*4 v a l u e  d id  not  appear t o  be m e a n i n g f u l l y  c o r r e l a t e d  to  
l e v e l s  o f  f a s t i n g  c h o l e s t e r o l  or  t r i g l y c e r i d e .  Mean 
d i s a p p e a r a n c e  r a t e s  were a l s o  c a l c u l a t e d  f o r  c o n t r o l  s u b j e c t s ,  
t h o s e  w i th  PVD and t h o s e  who had s u s t a i n e d  a m y o c a rd ia l  
i n f a r c t i o n  3 weeks  b e f o r e ,  V a lu es  were s i m i l a r  f o r  each  
group s u g g e s t i n g  no a b n o r m a l i t y  o f  g l y c e r o l  m e t a b o l i s m  i s  
p r e s e n t  in  s u b j e c t s  w i t h  v a s c u l a r  d i s e a s e  and t h a t  i t  does  not  
o cc u r  as a c o n s e q u e n c e  o f  m y o c a r d ia l  i n f a r c t i o n .  The e f f e c t  o f  
g l y c e r o l  on FF\  l e v e l s  was one o f  r e d u c t i o n  (when measured by 
t h e  c o r r e c t  method)  and t h i s  c o u l d  p o s s i b l y  be a c o n s e q u e n c e  
o f  g l u c o n e o g e n e s i s . R e s u l t s  f o r  i n s u l i n  v a l u e s  a re  not  
a v a i l a b l e  a l th o u g h  i t  s h o u ld  be n o ted  t h a t  P e l k o n e n ,  M i e t t i n e n ,  
T ask inen  and N i k k i l a  (1968^) found t h a t  im m unoreac t i ve  i n s u l i n  
l e v e l s  d id  not  change a f t e r  o r a l  a d m i n i s t r a t i o n  o f  g l y c e r o l .
S t u d i e s  were a l s o  done on r a t e  o f  g l y c e r o l  removal  b e f o r e  and 
d u r in g  c i g a r e t t e  smoking enhanced l i p o l y s i s .  Smoking th r o u g h o u t  t h e  
hour f o l l o w i n g  g l y c e r o l  a d m i n i s t r a t i o n  d id  not s i g n i f i c a n t l y  a l t e r  
g l y c e r o l  VA v a l u e s .  The o v e r a l l  c o n c l u s i o n  would be t h a t  r a t e  o f  
g l y c e r o l  removal  from t h e  b lo od  i s  not  a l t e r e d  by u n d e r l y i n g  




1.  C i g a r e t t e  smoking f o l l o w i n g  a r e c e n t  m y o c a r d ia l  i n f a r c t i o n  
i s  a s s o c i a t e d  w i t h  an enhanced  r e l e a s e  o f  FFA and k e t o n e  
b o d i e s .  \  s i m i l a r  enhanced r e s p o n s e  i s  found a f t e r  
s u bcut a ne o us  a d r e n a l i n e .
2 .  S u b j e c t s  w i t h  s t a b l e  v a s c u l a r  d i s e a s e  (PVD or CUD as  
m a n i f e s t  by a n g in a )  r e s e m b l e  c o n t r o l  s u b j e c t s  i n  t h e i r  
r e s p o n s e  t o  c i g a r e t t e  smoking.  T h i s  i s  so when e i t h e r  
2 or 6 c i g a r e t t e s  are  smoked.
The enhanced r e s p o n s e  found a f t e r  i n f a r c t i o n  i s  
temporary r a t h e r  than  p e r s i s t e n t .  S u b j e c t s  s t u d i e d  one  
y e a r  a f t e r  i n f a r c t i o n  r e s e m b l e  c o n t r o l  s u b j e c t s  i n  t h e i r  
r e s p o n s e  t o  smoking.
4 .  The b e t a - a d r e n o r e c e p t o r  b l o c k i n g  a g e n t ,  p r o p r a n o l o l ,  
a b o l i s h e s  t h e  FFA r e s p o n s e  t o  sm ok ing .
5 .  Smoking 2 c i g a r e t t e s  d o ° s  no t  a f f e c t  g l u c o s e ,  i n s u l i n ,  
c h o l e s t e r o l  or t r i g l y c e r i d e  v a l u e s .  Smoking 6 c i g a r e t t e s  
p roduces  a v a r i a b l e  e f f e c t  on g l u c o s e  b u t  o n l y  o c c a s i o n a l l y  
a l t e r s  i n s u l i n  l e v e l s .
6 .  The r a t e  o f  removal  o f  i n t r a v e n o u s l y  a d m i n i s t e r e d  g l y c e r o l  
can be e x p r e s s e d  as a s i n g l e  e x p o n e n t i a l .  The v a l u e s  are  
s i m i l a r  i n c o n t r o l  and v a s c u l a r  d i s e a s e  s u b j e c t s  and are  not  
a f f e c t e d  by c i g a r e t t e  sm ok ing.
7 .  Measurement o f  FFA l e v e l s  by t h e  D o l e  method a f t e r  
a d m i n i s t r a t i o n  o f  g l y c e r o l  p r o d u c e s  a p o s i t i v e  e r r o r .  
P o s s i b l e  e x p l a n a t i o n s  f o r  t h i s  a r e  d i s c u s s e d .
(215)
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